Intraoperative PDT for malignant brain tumors

new brain lesions. At the time of recurrence the salvage
treatment was applied according to the preference of the
individual doctors and usually included a combination of
re-resection, second-line chemotherapy, and/or vaccine
therapy.

End Point Evaluation

The primary end point of the study was overall sur-
vival (OS) rate at 12 months after PDT. Secondary end
points were progression-free survival (PFS) and local
PFS rates at 6 months after PDT. The OS, PES, and local
PFS were all estimated from the date of surgery. Addi-
tionally, in cases with a maximal diameter of the residual
neoplasm of 16 mm or more, the overall tumor response
to treatment was evaluated. All brain MRI data before
surgery and during follow-up were assessed by review
board members. Safety end points included rates of ad-
verse events, side effects, and results of skin photosensi-
tivity testing.

Data Analysis

Analysis of the treatment efficacy was done in all pa-
tients who underwent PDT based on administration of ta-
laporfin sodium and intraoperative laser irradiation of the
residual neoplasm and/or resection cavity if the diagnosis
of primary malignant parenchymal brain tumor was con-
firmed by the pathology review board after investigation
of the permanent formalin-fixed tissue sections (study co-
hort). Separate analysis of the treatment efficacy was also
done in the subgroup of patients with newly diagnosed
GBMs. Survival was assessed using the Kaplan-Meier
method. Analysis of the treatment safety was done in all
patients initially enrolled into the study who received ta-
laporfin sodium.

Results

Patient Characteristics

Detailed characteristics of patients enrolled in the
study are presented in Table 1. In all, 27 patients initial-
ly received talaporfin sodium. However, 3 patients were
deemed ineligible for study participation during surgery
and did not receive irradiation with the laser based on the
results of the intraoperative histopathological investiga-
tion of the resected tissue on the frozen sections, which
revealed lymphoma, low-grade glioma, and cavernoma (1
case each). Additionally, 2 patients were excluded from
the study later on because the pathology review board did
not confirm the diagnosis of a primary malignant paren-
chymal brain tumor based on the postoperative exami-
nation of the permanent formalin-fixed tissue sections.
Therefore, the study cohort included 22 patients with a
male/female ratio of 1:1 and a median age of 50.5 years
(range 24-69 years). The frontal lobe was affected most
frequently (59.1% of cases). In 72.7% of patients the tumor
was located within or close to eloquent brain areas. Total,
subtotal (> 90% of the lesion volume), and partial resec-
tions of the neoplasm were performed in 36.4%, 50%, and
13.6% of cases, respectively. No significant differences in
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clinical characteristics were observed between the entire
group of initially enrolled patients (n = 27) and the study
cohort (n = 22). Thirteen (59.1%) of 22 patients included
in the study cohort had newly diagnosed GBMs and cor-
responded to recursive partitioning analysis Classes 111 (4
cases), IV (5 cases), and V (4 cases).®

Treatment Efficacy

Among all 22 patients included in the study cohort,
1 death occurred within 12 months after surgery. This
patient died 3.4 months after resection and PDT of a
newly diagnosed gliosarcoma due to local progression of
the tumor. Therefore, the 12-month OS rate was 95.5%.
Two tumors demonstrated progression despite treatment
within 6 months after surgery, and both recurrences were
local. Therefore, the 6-month PES and local PFS rates
were 91%. The maximum length of follow-up was 38.6
months. The median OS was 27.9 months (95% CI lower,
24.8 months; upper, not estimated), the median PFS was
20 months (95% CI lower, 10.3 months; upper, not esti-
mated), and the median local PFS was 22.5 months (95%
CI lower, 17.2 months; upper, not estimated).

Among 13 patients with newly diagnosed GBM,
the 12-month OS, 6-month PFS, and 6-month local PFS
rates after surgical removal of the tumor and PDT were
all 100% (Fig. 1). In this subgroup the maximum length
of follow-up was 32.0 months. The median OS was 24.8
months (95% CI 18.5-32.0 months), the median PFS was
12.0 months (95% CI 10.3-24.2 months), and the median
local PFS was 20.0 months (95% CI 16.2-32.0 months).

In only 1 patient was it possible to evaluate the over-
all tumor response to treatment. In this case, a newly di-
agnosed GBM showed complete response 4 months after
surgery and PDT.

Treatment Safety

Among all 27 patients who received talaporfin so-
dium the day before surgery, serious adverse events
were noted postoperatively in 6 patients (22.2%). These
included aphasia (2 cases) and hemiplegia, hemiparesis,
unilateral blindness, visual field defect, homonymous
hemianopia, postoperative pyrexia, and infection (1 case
each). The overall frequency and distribution of postop-
erative adverse events were within the range of our usual
neurosurgical practice in cases of primary malignant pa-
renchymal brain tumors, and their causal relationships
with administration of talaporfin sodium and/or intraop-
erative laser irradiation were very unlikely. None of these
adverse events resulted in the death of a patient.

The laboratory test results in all patients were abnor-
mal, most frequently with an increase in y-glutamyltrans-
ferase (59.3%), alanine aminotransferase (48.1%), aspar-
tate aminotransferase (37.0%), blood alkaline phosphatase
(259%j, and blood lactate dehydrogenase (22.2%). In 18
(66.7%) of 27 patients such abnormalities could be con-
sidered as side effects after administration of talaporfin
sodium. Postoperative adverse events by system organs,
particularly abnormal liver function, were relatively fre-
quent but never exceeded Grade 3 toxicity (Table 2). Only
2 patients (7.4%) had skin disorders, which could be con-
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TABLE 1: Characteristics of patients enrolled into study

Y. Muragaki et al.

Value*
Initially Enrolled _Study Cohort
Demographics & Clinical Characteristics Patients (n = 27) Total (n = 22} Newly Diagnosed GBM (n = 13)
agein yrs : AR TR N S e ' T
mean + SD 471135 4811135 46.0 + 141
median (range) 50.0 (24-69) - 50.5 (24-69) 49.0 (24-69)
sex il R s
male 13 (48.1) 11 (50.0) 6 (46.2)
female 14 (51.9) 11 (60.0) 7(53.8)
hiStopathologicai type of tumort , G s
GBM 13 (48.1) 13(59.1) 13(100.0)
gliosarcoma 1(3.7) 1(4.5) 0(0)
anaplastic astrocytoma 3(11.1) 3(13.6) 0(0)
anaplastic oligoastrocytoma 2(74) 2(9.1) 0(0)
anaplastic oligodendroglioma 2(74) 2(9.1) 0(0)
pilocytic astrocytoma w/ anaplastic features 1(37) 1(4.5) 0(0)
oligodendroglioma 2(74) 0(0) 0(0)
central review not performed} 3(11.1) 0(0) 0(0)
‘WHOgradet ~ o = a
v 14 (51.9) 14 (63.6) 13 (100.0)
Il 8 (29.6) 8(36.4) 0(0)
] 2(74) 0(0) 0(0)
central review not performed} 3(1.1) 0(0) 0(0)
tumor status f : e e
newly diagnosed 26 (96.3) 21(95.5) 13 (100.0)
recurrent 1(3.7) 1(4.5) 0(0)
tumor location , i penl
frontal lobe 16 (59.3 13 (59.1) 7(53.8)
temporal lobe 5(18.5) 3(13.6) 2(15.4)
parietal lobe 4(14.8) 4(18.2) 3(23.1)
occipital lobe 2(74) 209 1(7.7)
tumor side - ; b
rt 13 (481 12 (54.5) 8 (61.5)
It 14 (51.9) 10 (45.5) 5(38.5)
tumor functional grade ‘ : ‘
located in eloquent area 13 (48.1) 12 (54.5) 7(53.8)
adjacent to eloquent area 6 (22.2) 4(18.2) 2(15.4)
located in noneloquent area 8 (29.6) 6(27.3) 4(30.8)
PS before treatment§ : Sl ,
0 14 (51.9) 10 (45.5) 3(23.1)
1 10 (37.0) 9(40.9 8 (61.5)
2 0(0) 0(0) 0(0)
3 31 3(13.6) 2(15.4)
extent of tumor resection L ST -
total 9(33.3) 8(36.4) 5(38.5)
subtotal (>90% of lesion vol) 13 (48.1) 11 (50.0) 8 (61.5)
partial 5(18.5) 3(13.6) 0(0)

* Unless otherwise stated, values represent cases (%).
1 According to central review based on WHO criteria.
1 These patients did not receive laser irradiation during surgery due to results of the intraoperative histopathological investigation
of the resected tissue on the frozen sections and exclusion of the diagnosis of primary malignant parenchymal brain tumor.

§ According to the Eastern Cooperative Oncology Group Performance Status Scale.
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Fic. 1. Kaplan-Meier curves for OS (A), PFS (B), and local PFS (C)
in the subgroup of patients with newly diagnosed GBM included in the
study cohort. Censored observations are marked.

sidered as side effects after administration of talaporfin
sodium. It included rash (2 cases), blister (1 case), and
erythema (1 case).

Photosensitivity test results were relatively mild and
most patients had a score of 1 (barely perceptible erythe-
ma) or 2 (distinct erythema); no patient had a score of 3
(marked erythema or edema). These reactions completely
disappeared within 4, 8, and 15 days after administration
of talaporfin sodium in 55.6%, 77.8%, and 100% of pa-
tients, respectively (Table 3).

Discussion

Management of primary malignant parenchymal
brain tumors represents a significant challenge. According
to the latest edition of the Japan Brain Tumor Registry, 1-,
2-, and 3-year survival rates of patients with high-grade
gliomas constitute 64%, 37%, and 28%, respectively.’
The poor survival rates are mainly due to an inability
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to perform complete removal of the neoplasm due to its
infiltrative growth into functionally important neuronal
structures, as well as the limited effectiveness of the post-
operative radiotherapy and chemotherapy. Therefore, find-
ing additional effective and safe treatment options in such
cases is required.

As a highly selective treatment with minimal injury
to the adjacent normal structures, PDT has demonstrated
promising potential for management of the various can-
cers and nonneoplastic disorders, such as age-related
macular degeneration, local infection, dermatological
diseases, arteriosclerosis, and rheumatoid arthritis.” How-
ever, despite a large amount of basic and clinical research
conducted during several decades and directed on testing
of the various photosensitizers, light sources, irradiation
types, and treatment regimens, PDT still was not ap-
proved to be used as a standard treatment for malignant
brain tumors.>!*'During the last decade there was con-
siderable interest in the use of 5-aminolevulinic acid (5-
ALA) in the surgical management of gliomas. Neverthe-
less, while its application for photodynamic diagnosis and
fluorescence-guided resection was associated with a sig-
nificant impact on effectiveness of tissue sampling, tumor
resection rates, and clinical outcomes,*!” the attempts to
use this photosensitizer for PDT were not so impressive.?
These unimpressive results might be particularly caused
by insufficient incorporation of the drug in the neoplastic
cells, especially in necrotic regions and at the periphery
of the neoplasm.?

In the present study PDT was based on administra-
tion of the relatively novel second-generation photosen-
sitizer talaporfin sodium. This water-soluble compound
is derived from plant chlorophyll. In the living body it
binds to albumin and does not pass the blood-brain bar-
rier. In neoplastic cells it is primarily distributed in the
lysosomes.* Compared with conventional photosensi-
tizers, talaporfin sodium is activated by light with lon-
ger wavelengths; therefore, its light absorption is not
affected by hemoglobin and penetrates deeper.”” Addi-
tionally, talaporfin sodium more selectively accumulates
in glioma tissue, is rapidly eliminated from the normal
tissues, and is less likely to cause adverse reactions.'* It
was demonstrated that PDT based on administration of
talaporfin sodium with subsequent irradiation using a
664-nm laser led to necrosis and apoptosis of cultured
human glioblastoma cells® and experimental tumors'* in
a dose- and time-dependent fashion. The adverse effects
on the peritumoral brain were limited to mild temporary
edema, and no damage to neurons or the myelin sheath
was observed.'* A pilot clinical study on 14 adult patients
with unresectable malignant gliomas showed a median
PFS of 23 months in newly diagnosed neoplasms.! In con-
cordance, in our present prospective investigation, which
included 21 patients with newly diagnosed high-grade
gliomas treated according to strict research protocol, the
median local PFS constituted 22.5 months.

The most impressive results of our study were ob-
tained in patients with a newly diagnosed GBM. In this
subgroup, the 12-month OS and 6-month PFS rates were
100%, and the median OS and median PFS were 24.8 and
12.0 months, respectively. These rates compare favorably
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TABLE 2: Frequency of adverse events and side effects by grade*

No. of Patients (%)

System Organ Classt Grade1 Grade2 Grade3 Grade4 Grade5 Total (n=27)
adverse events
investigations 3(MA) 12(444) 10370) 2(74) 0(0.0) 27 (100.0)
gastrointestinal disorders 5(18.5) 16(569.3) 0(0.0) 0(0.0) 0(0.0) 21(77.8)
general disorders & administration site conditions 15 (65.6)  6(22.2)  0(0.0) 0(0.0) 0(0.0) 21(77.8)
nervous system disorders 1(3.7) 17(63.0) 2(74) 0(0.0) 0(0.0) 20 (74.1)
skin & subcutaneous tissue disorders 10(37.0) 8(296) 0(0.0) 0(0.0) 0(0.0) 18 (66.7)
injury, poisoning, & procedural complications 9(33.3) 6(222) 0(0.0) 0(0.0) 0(0.0) 15 (55.6)
eye disorders 7(25.9) 137 1(3.7) 0(0.0) 0(0.0) 9(33.3)
infections & infestations 1(3.7) 3IMy 274 0(0.0) 0(0.0) 6 (22.2)
renal & urinary disorders 3(11) 2(74) 0(0.0) 0(0.0) 0(0.0) 5(18.5)
psychiatric disorders 4(148) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 4(14.8)
respiratory, thoracic, & mediastinal disorders 4(14.8 0(0.0) 0(0.0) 0(0.0) 0(0.0) 4(14.8)
vascular disorders 0(0.0) 0(0.0) 4(148) 0(0.0) 0(0.0) 4 (14.8)
musculoskeletal & connective tissue disorders 13.7) 2(74) 0(0.0) 0(0.0) 0(0.0) 31
blood & lymphatic system disorders 1(37) 1(3.7) 0(0.0) 0(0.0) 0(0.0) 2(74)
metabolism & nutrition disorders 0(0.0) 0(0.0) 2(74) 0(0.0) 0(0.0) 2(74)
cardiac disorders 1(3.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(3.7)
ear & labyrinth disorders 1(3.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(3.7)
side effects

investigations 7(26.9) 6(222) 5(185) 0(0.0) 0(0.0) 18 (66.7)
skin & subcutaneous tissue disorders 1(3.7) 13.7) 0(0.0) 0(0.0) 0(0.0) 2(74)

* According to the Cancer Therapy Evaluation Program.®

1 According to the Medical Dictionary for Regulatory Activities version 14.1 (http://www.meddra.org).

with contemporary results obtained in such tumors with
standard treatment. In a global Phase 111 randomized con-
trolled study on radiotherapy with concomitant and adju-
vant temozolomide for GBM, Stupp et al.'"® demonstrated a

TABLE 3: Skin photosensitivity test results in 27 patients*

No. of Dayst  No. of Patients (%) Cumulative No. of Patients (%)
3 4 (14.8) 4(14.8)
4 11 (40.7) 15 (55.6)
8 6(22.2) 21(77.8)
10 1(37) 22 (81.5)
13 2(74) 24 (88.9)
14 1(3.7) 25 (92.6)
15 2(74) 27 (100)

* For the skin photosensitivity test, between 11 a.m. and 2 p.m., the
back of the individual's hand was exposed to direct sunlight for 5 min-
utes, and the occurrence of any photosensitivity reaction, such as
erythema, was assessed. In cases in which photosensitivity reactions
were detected, the subject was kept shielded from light until the reac-
tion disappeared, and the skin photosensitivity test was subsequently
repeated. ]

1 From administration of talaporfin sodium to disappearance of reac-
tion.
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12-month OS rate of 61%, a 6-month PFS rate of 54%, a me-
dian OS of 14.6 months, and a median PFS of 6.9 months.
In the series by Stummer et al.” on fluorescence-guided
resection of malignant gliomas with the use of 5-ALA, the
6-month PFS rate was 41% and the median PFS period was
5.1 months. Moreover, in our patients with a newly diag-
nosed GBM, the median local PFS was nearly two times
longer than the median PFS (20.0 vs 12.0 months). It can
therefore be speculated that prolonged survival was caused
by improved local tumor growth control due to intraopera-
tive PDT. It should be emphasized that in the present series
all patients with newly diagnosed GBM underwent either
total or subtotal resection. Aggressive removal of the tumor
may be an important prerequisite for clinical effectiveness
of intraoperative PDT, since the penetration depth of a la-
ser is approximately 2.5—5 mm; therefore, the correspond-
ing effective distance for irradiation is limited to 0.75-1.5
cm.'? The limitations of the efficacy of PDT in bulky target
tissues and recurrent tumors have been demonstrated.’ It
is also possible that metabolically active infiltrating tumor
cells in the periphery of the GBM may be more sensitive
to PDT because of incorporation of a greater amount of
photosensitizer. It was reported that the tissue concentra-
tion of a photosensitizer directly correlates with the grade
of malignancy of the neoplasm.?

In the present study PDT showed a high level of safe-
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ty. While laboratory investigations have frequently re-
vealed abnormalities likely attributable to the administra-
tion of talaporfin sodium, only 2 patients (7.4%) had defi-
nite symptoms on the skin, which did not exceed Grade
2 toxicity. In no case did we encounter brain edema or
cerebral infarction, which may complicate PDT.!? There-
fore, the risk of clinically significant side effects caused
by the administration of talaporfin sodium and intraop-
erative irradiation of the residual tumor and peritumoral
brain with a 664-nm laser 22-27 hours thereafter may be
considered low. Moreover, according to photosensitivity
test results, any reactions completely disappeared in all
patients within 15 days after administration of the drug.
The main limitations of the present study are related
to its design. A nonrandomized noncontrolled prospec-
tive investigation was performed in just 2 neurosurgical
centers with well-established neurooncology programs
and enrolled a limited number of highly selected cases
with rather heterogeneous histopathological diagnoses of
malignant parenchymal brain tumors. It is evident that to
prove clinical efficacy of the intraoperative PDT with ta-
laporfin sodium and a semiconductor laser, further care-
fully designed Phase III studies should be performed in
a sufficiently large number of patients with possible ini-
tial stratification according to tumor resection rate. Test-
ing of the proposed treatment method is also planned in
cases of low-grade gliomas and in incompletely resected
benign extraaxial neoplasms, such as pituitary adenomas
and meningiomas. Since appropriate use of equipment for
PDT requires specific skills, the dedicated training pro-
gram for neurosurgeons is currently under organization.
Finally, advanced experimental investigations directed
at further understanding the basic mechanisms of the
therapeutic effectiveness of intraoperative PDT are also
required, and additional studies to search for the most
optimal treatment regimens should be continued as well.

Conclusions

The results of the present study demonstrate that
novel PDT based on administration of talaporfin sodium
and subsequent irradiation with a 664-nm semiconductor
laser may provide an additional benefit to the combined
management of primary malignant parenchymal brain tu-
mors through possible improvement of their local growth
control, which, in turn, may lead to prolongation of the
patient’s survival. The therapy seems sufficiently safe
with a minimal risk of serious side effects. Therefore,
application of the intraoperative PDT along with aggres-
sive resection, radiotherapy, and chemotherapy may be of
clinical significance, particularly in patients with newly
diagnosed GBM.
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Abstract

The present retrospective study evaluated the recurrence patterns after aggressive surgical removal of
intracranial glioblastomas in 43 consecutive adult patients, The resection rate of the enhanced lesion on
magnetic resonance imaging was 100% and 95-99% in 22 and 21 cases, respectively. All patients
received postoperative fractionated radiotherapy (60 Gy in 30 fractions) with additional chemotherapy
(25 cases) or vaccine therapy (18 cases). During follow-up (median 17 months), tumor recurrence was
identified in 33 patients, most frequently regional within the wall of the resection cavity (20 cases). No
clinical factor differed significantly between the groups of patients with regional or marginal tumer
progression (N = 22) and patients with distant or multiple recurrences (N = 8). Progression-free sur-
vival did not differ significantly between these two groups (p = 0.27). However, overall survival was
significantly longer (p = 0.04) in patients with regional or marginal tumor progression, and constituted
90% and 54% at 1 and 2 years after surgery, respectively, compared to 75% and 0% in patients with dis-
tant or multiple recurrences. Aggressive surgical resection and adjuvant management of intracranial
glioblastoma may change its recurrence pattern. Tumor progression appears in the wall of the resection

cavity or within 2 ¢m from its margin in approximately half of patients.

Key words: glioblastoma, gross total resection,

Introduction

Glioblastoma is the most common primary brain
tumor in adults and carries an extremely grim prog-
nosis. Management usually includes surgical resec-
tion followed by postoperative fractionated radio-
therapy (FRT) as well as concomitant and adjuvant
chemotherapy. Nevertheless, the incidences of re-
currence, regrowth, and dissemination of the tumor
are very high due to the well-known infiltrative
extension far beyond the boundaries of the localized
lesion identifiable with neuroimaging.20.33:3748)
The progression of glioblastoma after treatment in
up to 97% of cases occurs either from the bulk of the
mass or within 20 mm from the border of its en-
hanced part identifiable on T;-weighted magnetic
resonance (MR) imaging, and the presence of such
local recurrence may be associated with impaired
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prognosis,23:12.13,23.25.32,34,3543.4454) Therefore, various
methods for improvement of tumor control at the
time of both initial and salvage treatment have been
proposed, such as inclusion of the marginal brain
tissue in the high dose area during FRT,417:20,26.31-33,
354950} additional dose boost with stereotactic
radiosurgery,#1841) brachytherapy,’®3¢43 implanta-
tion of Gliadel wafers (Guilford Pharmaceuticals
Inc., Baltimore, Maryland, USA),53 or various types
of intralesional immunotherapy.’4?

The majority of studies on progression of in-
tracranial gliomas after initial treatment have in-
cluded many cases with incomplete surgical tumor
removal. Contemporary advances in neurosurgical
technique and introduction of modern intraopera-
tive technologies now permit attain gross total resec-
tion of the brain tumor in many cases.16.19,24,28,30,39,45)
Surgical treatment in the vast majority of gliomas
could not be considered as curative, but more com-
plete removal of the localized part of the neoplasm
may change the dynamics of further growth and
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related prognosis.11:3%)

The present retrospective analysis tried to evalu-
ate the recurrence patterns of intracranial gliob-
lastomas after aggressive surgery.

Materials and Methods

This retrospective study was initiated in September
2009. There were two initial selection criteria: sur-
gery for newly diagnosed glioma performed in the
intelligent operating theater of Tokyo Women’s
Medical University with the use of intracperative
MR (iMR) imaging; and final histopathological diag-
nosis of glioblastoma. Retrospective backward selec-
tion of cases from the constantly maintained com-
puter database was started from June 2008 to allow a
minimum of 12-month follow up after completion of
postoperative FRT in surviving patients. Case selec-
tion was limited to the beginning of 2004, since the
initial period after installation of iMR imaging in
our clinic (2000) was completed by this time, sig-
nificant improvement of the intraoperative image
quality had succeeded, and the surgical algorithm of
glioma treatment in this facility was fully estab-
lished.1627.28.30) A]] selected cases were checked for
resection rate. The established cut-off level of 95% or
greater tumor removal was chosen, because this
value corresponds to the grading of resection of
malignant gliomas used by The Committee of Brain
Tumor Registry of Japan.”

A total of 65 consecutive patients underwent
craniotomy and removal of the newly diagnosed in-
tracranial glioblastoma in the intelligent operating
theater of the Tokyo Women’s Medical University
from January 2004 to June 2008. Resection of 95% or
greater was attained in 47 patients. Four patients
from this cohort were excluded from further analy-
sis due to omission of postoperative FRT. The
remaining 43 patients were included in the present
study. The 29 men and 14 women were aged from 18
to 79 years (median 43 years). Eighteen patients
were less than 50 years old. Karnofsky performance
scale (KPS) score before surgery was 100-80 in 31
patients, 70-60 in 6, and 50 or less in 6. The tumor
was predominantly located within the frontal (19
cases), temporal (12 cases), parietal (7 cases), and oc-
cipital (3 cases) lobes. Other locations were encoun-
tered in only 2 patients. The left hemisphere was af-
fected slightly more often than right (23 vs. 20 cases).
According to recursive partitioning analysis classifi-
cation® 12 patients had class III, 21 had class IV, and
10 had class V.

Tumor removal was performed according to our
concept of information-guided surgery!7:283% with
the use of iMR imaging, updated neuronavigation,

comprehensive neurophysiological monitoring, neu-
rochemical monitoring with 5-aminolevulinic acid
(5-ALA), and histopathological monitoring with mul-
tiple microscopic investigations of the resected tis-
sue using frozen sections. Awake craniotomy and/or
intraoperative cortical and subcortical brain map-
ping were performed if indicated. The main goal of
surgery was defined as maximum possible removal
of the contrast-enhanced area identified on preoper-
ative T;-weighted MR imaging without the risk of
postoperative major permanent neurological mor-
bidity. The final histopathological diagnosis of gliob-
lastoma was established according to the current
World Health Organization criteria?! using paraffin-
embedded tissue sections stained with hematoxylin
and eosin and appropriate antibodies for immuno-
histochemistry.

Evaluation of the resection rate was based on
visual side-by-side comparison of the preoperative
and postoperative MR images obtained within 3
days after the surgery, using a 1.5 T clinical scanner
(ExcellArt; Toshiba Medical Systems, Tokyo). Any
contrast-enhanced area on T,-weighted images was
considered to be residual tumor.®) In the analyzed
cohort, the resection rate was 100% in 22 patients,
and between 95% and 99% in the other 21 patients.

All patients underwent postoperative FRT, which
was initiated within 2 to 3 weeks after surgical
removal of the tumor. The treatment protocol was
based on the three-dimensional planning system.
The total dose was 60 Gy delivered in 30 fractions (2
Gy per fraction) in all cases. During the initial 25
fractions (up to 50 Gy of irradiation), the clinical tar-
get volume (CTV) was defined as the hyperintense
area on T,-weighted MR images and the 15 mm mar-
ginal area of the adjacent cerebral tissue. From 26 to
30 fractions (from 52 to 60 Gy of irradiation), the
CTV was reduced to the resection cavity and the 15
mm marginal area of the adjacent cerebral tissue.
Any contrast-enhanced area on T;-weighted MR im-
ages was always included in the irradiation field.
Concomitant and adjuvant chemotherapy was ad-
ministered in 25 patients according to the standard
protocols for nimustine (ACNU)%%4® (9 cases) or
temozolomide*®4”) (16 cases). Chemotherapy was
omitted in 18 patients, but treatment with autolo-
gous formalin-fixed tumor vaccine (AFTV) con-
comitant with FRT was performed.?9

Follow-up evaluations were performed by the at-
tending neurosurgeon, starting 2 weeks after com-
pletion of FRT, and scheduled every 2-3 months
thereafter. Additional examinations were done if re-
quired by the clinical condition of the patient. The
regular investigations included physical testing with
evaluation of KPS score and determination of the
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Medical Research Council neurological functional
grade, blood and urinary tests, and brain MR imag-
ing with contrast medium. Other investigations
were not performed unless were clinically indicated.
The length of follow up varied from 3 to 71 months
{median 17 months).

The diagnosis of tumor recurrence was based on
the joint opinions of the neurosurgeon and neu-
roradiologist, and was defined as appearance of new
contrast-enhanced lesion(s) on T;-weighted MR im-
ages, or 25% or more increase of the volume of the
previous enhanced lesion(s). Patterns of recurrence
were considered as regional (in the wall of the resec-
tion cavity}, marginal (within 20 mm from the mar-
gin of the resection cavity), distant (more than 20
mm from the margin of the resection cavity), multi-
ple (several recurrences in various brain areas), and
subarachnoid dissemination (Fig. 1). At the time of
tumor recurrence the patients usually underwent
salvage treatment, which included re-resection of
the tumor, stereotactic radiosurgery, chemotherapy,
vaccine therapy, or various combinations.

Clinical factors in the defined groups of patients
were compared with the chi-square test or Mann-
Whitney test. Overall (OS) and progression-free sur-
vival (PFS) were evaluated from the day of surgery
and were compared with the log-rank test after con-
struction of the Kaplan-Meier curves.

Fig. 1 T;-weighred magnetic resonance images with
contrast medium illustrating the patterns of glioblasto-
ma recurrence (arrows and circles) after aggressive sur-

gery and adjuvant management. A: regional, in the
wall of the resection cavity; B: marginal, within 20 mm
from the margin of the resection cavity;.C: distant, more
than 20 mm from the margin of the resection cavity; D:
multiple, several recurrences in various brain areas; and
E: subarachnoid dissemination.
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Results

Tumor recurrence was observed during the follow-
up period in 33 of 43 patients. Incidences of various
recurrence patterns are presented in Table 1. Over-
all tumor progression within the wall of the resec-
tion cavity or within 20 mm from the margin ac-
counted for 51% of cases. Subarachnoid dissemina-
tion was evident in 5 patients and was isolated pat-
tern of recurrence in 3 of them. It was identified in 3
of 25 cases when the cerebral ventricle was opened
during surgery, and in 2 of 18 cases when this was
not done {p = 0.78). Spinal dissemination was evi-
dent in 1 patient, and no case of glioblastoma
metastasis outside the central nervous system was
identified.

PFS did not differ significantly between patients
with regional or marginal progression of glioblasto-
ma (22 cases) and patients with distant or multiple
recurrences (8 cases), as shown in Fig. 2. Compari-
son of the investigated clinical factors did not differ

Table 1 Incidence of various recurrence patterns after
aggressive surgery and adjuvani management of in-
tracranial glioblastoma

Recurrence pattern No. of cases™

Regional (in the wall of the resection cavity)
Marginal (within 20 mm from the margin of the

20 (46.5%)

resection cavity) 2 (4.7%)
Distant (more than 20 mm from the margin of the 4(9.3%)

resection cavity) '
Multiple (several recurrences in various brain areas) 4 (9.3%)
Subarachnoid dissemination 3 (6.9%)

*In 10 cases, recurrence of the tumor was not observed
during follow-up period.

—e— regional/marginal
-2~ distant/multiple

Progression-free survival

0 10 20 30 40 50 80
Time (mos)

. Fig. 2 Comparison of progression-free survival from

the time of surgery in patients with different recurrence
patterns of intracranial glioblastoma. There is no sig-
nificant difference (p = 0.27).
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Table 2 Comparison of clinical factors and outcome
variables in patients with different recurrence patterns
of intracranial glioblastoma

Patients with  Patients with

Clinical factors regional or distant or
and outcome marginal multiple  p Value
variables progression recurrences
(N = 22) (N = 8)
Sex 0.35*
men 15 5
women 7 3
Age 0.70*
<50 yrs 10 3
=50 yrs 12 5
Median age (range), yrs 52 (18-68) 56 (36-79) 0.16™*
KPS score 0.21*
80-100 18 4
60-70 1 2
<50 3 2
Tumor location 0.24*
frontal 11 2
temporal 6 4
parietal 2 2
occipital 1 0
other 2 0
Tumor side 0.23*
left 12 2
right 10 6
RPA class 0.29*
111 7 2
v 11 2
v 4 4
Resection rate 0.41*
100% 10 5
95-99% 12 3 )
Adjuvant treatment 0.70*
chemotherapy (ACNU 10 3
or TMZ)
vaccine therapy 12 5
Salvage treatment
any 14 6 0.56*
re-resection 8 0 0.05*
gagglizslfxr;g:ry 0 1 0.09*
chemotherapy (TMZ) 13 6 0.42*
vaccine therapy 1 0 0.54*
Outcome 0.29*
dead 15 7
alive 7 1
Overall survival 0.04***
median (range), mos 27 (3-57) 14 (6-23)

actuarial 1-yr rate
(95% CI)

actuarial 2-yr rate

(95% CI)
Progression-free survival

median (range), mos

actuarial 1-yr rate
(95% CI)

actuarial 2-yr rate
(95% CI)

90% (78-100%) 75% (45-100%)

54% (32-76%) 0%

0.27%**
10 (2-41) 8 (4-20)

36% (16-56%) 25% (0-55%)

14% (0-28%) 0%

According to *chi-square test, **Mann-Whitney test, and
***log-rank test. ACNU: nimustine, CI: confidence in-
terval, KPS: Karnofsky performance status, RPA: recur-
sive partitioning analysis, TMZ: temozolomide.

significantly between the two defined groups (Table
2). No correlation between tumor location and
recurrence pattern was found, but the recurrent
tumor affected genu of the corpus callosum in all 4
patients with glioblastoma initially located in the
prefrontal region (Fig. 3). In contrast, no neoplasm
located in the parietal and/or occipital lobes
recurred in the splenium of the corpus callosum.

Salvage treatment was performed in 14 of 22
patients with regional or marginal tumor progres-
sion and in 6 of 8 patients with distant or multiple
recurrences (p = 0.56). However, re-craniotomy and
additional lesion resection were done only in 8 cases
of the former group (p = 0.05). Histopathological in-
vestigation revealed pure recurrence of the ne-
oplasm in 6 cases, and intermixture with radiation
necrosis in 2. Patients with regional or marginal
progression of glioblastoma, who underwent re-
resection of the neoplasm, had a mild tendency to
better OS (median 13 vs. 10 months after diagnosis
of recurrence), but the difference did not reach
statistical significance (Fig. 4).

At the time of data analysis, 18 patients remained
alive, whereas 25 had died, all of the intracranial
tumor. OS was longer in patients with regional or
marginal progression of glioblastoma compared to
patients with distant or multiple recurrences (p =
0.04), as shown in Fig. 5.

Discussion

The conventional objectives of resective surgery for
malignant glioma include relief of compression of
the tumor bulk on the surrounding brain (important
for neurological improvement), reduction of the
volume of the neoplasm (increases the efficacy of ad-
juvant postoperative treatment), and establishment
of the precise histopathological diagnosis (required
for choice of the appropriate therapy, optimal follow
up, and prediction of prognosis).Y Additionally, ex-
tensive removal of the neoplasm may positively in-
fluence the survival. While the latter has not been
formally proved to date,3® there is a growing agree-
ment that total resection of the lesion is associated
with better long-term outcome. Adjustment for
biases of age and eloquent area location in the
dataset of randomized study on use of neurochemi-
cal navigation with 5-ALA during resection of gliob-
lastoma found that median OS after complete
removal of the enhanced lesion was significantly
longer compared to cases with incomplete resection
(17 months vs. 12 months).*® In concordance, the
report on European Organisation for Research and
Treatment of Cancer randomized trial of combined
chemotherapy for anaplastic gliomas showed the OS

Neurol Med Chir (Tokyo) 52, August, 2012
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Fig. 3 Follow-up images in 4 patients with glioblastoma initially located in the prefrontal region showing the recur-
rent tumor affected the genu of the corpus callosum (arrows).

—— re-resection
=+ no re-resection

Qverall survival

% 10 20 30 40 50 60

Time (mos)

Fig. 4 Comparison of the overall survival from the
time of regional or marginal tumor progression relative
to re-resection. There is no significant difference (p =
0.20).

0.9
0.8
0.7
0.6}
0.5
0.4
0.3 i
0.2
0.1

—e— regional/marginal
--=.- distant/multiple

Overall survival

0 10 20 30 40 50 60
Time (mos)

Fig. 5 Comparison of the overall survival from the
time of surgery in patients with different recurrence pat-
terns of intracranial glioblastoma. There is a significant
difference (p = 0.04).
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was better after complete tumor removal compared
to partial removal or biopsy.*!) Resection of 98% or
more of glioblastoma is associated with significant
improvement of the long-term outcome,'® whereas
the same trend was recently revealed even at 78%
resection rate.? Concordant results were reported
by The Committee of Brain Tumor Registry of Japan:
analysis of 5,328 cases of glioblastoma showed that
more than 95% tumor removal is associated with
survival advantage, but such resection rate was at-
tained in only 31.4% of cases.’®) In our series, 95%
and more resection was achieved in 47 of 65 con-
secutive patients (72%). After aggressive surgery and
adjuvant management 23% of patients remained free
of tumor progression within the median follow-up
period of 17 months. Such beneficial results may
reflect the advantages of our treatment concept of
information-guided surgery for brain tumors based
on the constant use of advanced intraoperative tech-
nologies.17:28:30)

Our surgical strategy for information-guided
management of intracranial gliomas with the use
of iMR imaging has been described in detail else-
where.?728.39) It is based on the integration of various
intraoperative anatomical, functional, and histologi-
cal data to attain maximal surgical resection of the
tumor with minimal risk of postoperative neurologi-
cal morbidity. It should be specifically emphasized
that complete removal is highly desirable, but is not
the ultimate goal of surgery for glioma. In our prac-
tice, the procedure is usually directed to the max-
imal possible resection of the enhanced area in cases
of high-grade glioma, which might be radiologically
total as well as subtotal, leaving the residual lesion
within the functioning eloquent brain structures
identified with neurophysiological monitoring
and/or brain mapping.27:28:30)

In the majority of reported series, local progres-
sion of intracranial glioblastoma after initial
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Table 3 Recurrence rates
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of intracranial glioblastoma after treatment

No. of Length of Total Local
Author (Year) analyzed Cohort characterization follow-up recurrence recurrence
cases (mos) rate rate
Hochberg and 42 CT-based delineation of the tumor recurrence after ND ND 80%
Pruitt (1980)12) irradiation and/or chemotherapy (CCNU);
Anaplastic astrocytomas might be included
Nagashima et al. 48 Comparison of 3 FRT techniques with irradiation dose ND 100% 85%
(1989)%3 > 45 Gy in each case: WBRT, generous local
irradiation (complete coverage of the area of
hypodensity on CT), and restricted local irradiation
(within 2 cm of the CT-defined tumor margin)
Sneed et al. 25 Surgery, FRT (59.4-60 Gy) with concomitant oral ND 88% 68%
(1994)* hydroxyurea followed by brachytherapy with
high-activity (50 Gy) iodine-125 sources and 6 cycles
of chemotherapy (procarbazine, lomustine, and
vincristine)
Nakagawa et al. 38 Surgical resection or biopsy in all cases (gross total ND 84% 53%
(1998)%) resection 8%), followed by FRT (60-90 Gy in 20
cases and =90 Gy in 16) concurrent with
chemotherapy (ACNU and vincristine) .
Oppitz et al. 34 CT-based analysis of recurrence after FRT (range of ND 100%* 97%
(1999)%) total doses 45-68 Gy, median 60 Gy)
Wick et al. 63 Comparison of recurrence patterns in only radiotherapy ND 100%"* 80%
(2008)p% group (33 cases) and TMZ-based chemoradiotherapy
group (30 cases);
“Debulking surgery” was done in 37 patients
Brandes et al. 95 Total or subtotal surgical resection followed by median 18.9; 83% 72%
(2009)? TMZ-based chemoradiotherapy {irradiation dose 60 range 6.6-44.8
Gy)
Milano et al. 54 Surgical resection or biopsy (gross total resection 31%), median 17 72% 67%
(2010)%) followed by TMZ-baseg chemoradiotherapy
(irradiation dose 60 Gy);
Additional SRS boost in 3 patients
Chamberlain 70 Initial treatment with FRT with concurrent and adjuvant ND 100%* 80%
(2011)® TMZ followed by bevacizumab at first recurrence
McDonald et al. 62 Evaluation of the limited margin FRT (total dose 60 median 12; 69% 68%
(2011)2 v) maximal 28
Gross total tumor resection in 45% of patients;
Concurrent and adjuvant chemotherapy with TMZ (97%
of patients) or concurrent arsenic trioxide (3% of
patients)
Oh et al. (2011)% 67 Evaluation of recurrence patterns after TMZ-based ND 100%* 87%
chemoradiotherapy;
Tumor “resection” in 13% of patients
Murakami et al. 138 Maximal possible tumor removal (gross total resection ND 96% 88%
(2012)31) in 28% of patients) followed by FRT (dose 60 Gy)
with concurrent and adjuvant chemotherapy
Pan et al. (in 31 Overall 10 patients underwent total surgical resection; median 12.6; 100% 52%
press)?®) In 10 cases maximal tumor removal followed by FRT range 3.5-50.6
(59.4-60.0 Gy) with concurrent and adjuvant TMZ
was done;
12 patients were treated with intracavitary
brachytherapy after maximal surgical debulking
followed by FRT (45 Gy) with concurrent and
adjuvant TMZ;
9 patients had unresectable disease and underwent
hypofractionated radiotherapy (50-66 Gy in 10
fractions) followed by adjuvant TMZ or bevacizumab
Present series 43 >95% surgical resection in all cases (total resection median 17; 77% 51%
51%) followed by FRT (60 Gy) with chemotherapy range 3-71

(ACNU or TMZ) or vaccine therapy

*Series included only cases with recurrences. ACNU: nimustine, CT: computed tomography, CCNU: lomustine, FRT:
fractionated radiotherapy, ND: no data, SRS: stereotactic radiosurgery, TMZ: temozolomide, WBRT: whole brain radia-

tion therapy.

management was encountered in 67% to 97% of surgical tumor removal, postoperative surveillance,
cases (Table 3),23:12,23,25,31,32,34,3543.54) hut comparison length of follow-up, as well as definition and
of different studies is difficult due to differences in categorization of the tumor progression. Neverthe-
treatment strategy, proportion of patients with total less, aggressive resection of the neoplasm may
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change its recurrence pattern.!% In a recent study,
regional re-growth of glioblastoma after surgery and
chemoradiotherapy was noted in 100% of biopsied
and 97% of partially removed lesions, but in just
62% of lesions after gross total resection.’!
Moreover, in 10% of the latter cases, PFS for more
than 24 months was marked, which is more or less
comparable to the present results. We were able to
identify two other series which demonstrated simi-
lar outcomes. High-dose FRT (from 60 to more than
90 Gy) concurrent with chemotherapy (ACNU, vin-
cristine) resulted in 53% local recurrence rate.??) In
another series aggressive management, including
total tumor removal (32% of cases), brachytherapy,
and hypofractionated radiotherapy, resulted in 52%
local tumor progression within a median follow up
of 12.6 months.3® Based on these findings, we sug-
gest that aggressive management with gross total
resection and/or high dose irradiation may result in
improvement of local control of intracranial gliob-
lastoma.

In cases of malignant glioma infiltration of the
tumor cells can be identified far beyond the local-
ized contrast-enhanced area identifiable on MR im-
aging. Therefore, comprehensive evaluation of the
distant spread of neoplasm is necessary in each in-
dividual case,’® and can be possibly attained with
detailed analysis of fluid-attenuated inversion recov-
ery or T,-weighted MR images, as well as functional
and metabolic information obtained with perfusion-
weighted, diffusion-weighted, and diffusion tensor
imaging, or with '"H-MR spectroscopy.!?%¥ Such dis-
tant tumor spread may vary from one patient to
another, and aggressive local management, includ-
ing surgery and irradiation, can be expected to have
greater efficacy for more localized disease. Corre-
spondingly, regional or marginal tumor progression
after initial total or nearly total resection of gliob-
lastoma followed by postoperative FRT should ap-
pear later compared to distant recurrences, which
are affected only by systemic therapy. However, this
was not confirmed in the present study, since PFS
did not differ significantly between the two groups
of patients. Previously, similar PFS was found in
patients with local and distant recurrences of gliob-
lastoma,®¥) whereas some series demonstrated that
time to regional tumor progression might be even
shorter compared to distant failure,25:31.36)

At present, the standard management of gliob-
lastoma includes chemotherapy with temozolomide
concomitant and adjuvant to FRT.46:47) This treat-
ment is not complication-free,'” which is enforcing
the search for novel therapeutic options for malig-
nant gliomas. Interest is growing in modalities
based on tumor-specific immune reactions, which
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have potentially high benefit-to-risk ratio. Our recent
prospective study on the use of AFTV concomitant
with FRT for management of newly diagnosed gliob-
lastoma showed very promising results.?® In the
present analysis, the recurrence patterns did not
differ between patients, who underwent chemother-
apy or vaccine therapy, so both types of adjuvant
management may have comparable efficacy in con-
trol of the tumor progression after initial treatment.
However, systemic therapy in general may have
rather limited effect on the recurrence pattern of
glioblastoma, as distant failure was noted in 18% of
patients in the temozolomide-based chemoradiother-
apy group, and 23% of those ones in FRT only
group.5%

The present study did not identify any clinical fac-
tor associated with specific recurrence patterns of
intracranial glioblastoma. However, all tumors ini-
tially located in the prefrontal region at the time of
further progression invariably affect the genu of the
corpus callosum. Therefore, routine inclusion of
this area into the irradiation field after total or near
total surgical resection of such neoplasms might be
reasonable. Several previous studies found that local
recurrence of glioblastoma was associated with im-
paired prognosis.z12.2544) In particular, the median
survival was 17.3, 14.8, and 26.1 months in patients
with recurrence inside, at the margin, and outside
the irradiation field.? In contrast, our 22 patients
with regional or marginal progression of the tumor
had significantly longer (p = 0.04) OS compared to
patients with distant or multiple recurrences. Corre-
sponding OS rates were 90% vs. 75% at 1 year and
54% vs. 0% at 2 years after surgery. Such trends
might reflect selection bias with more aggressive sal-
vage treatment, particularly re-resection, or inclu-
sion of some cases with pseudoprogression errone-
ously interpreted as local recurrence, which might
result in survival advantage.

Modifications of clinical practice during the study
period represent unavoidable pitfall of any retro-
spective investigation, but seemingly did not affect
the results of the present study. On the other hand,
absence of volumetric tumor assessment might lead
to somewhat inaccurate estimation of the resection
rate. Nevertheless, the criteria for total removal
were rather strict, since any contrast-enhanced area
on postoperative MR imaging obtained within 3
days after surgery was considered to be residual ne-
oplasm.? In fact, visual side-by-side comparison of
MR images still represents a rather common method
for the evaluation of treated intracranial tumors, but
is less accurate compared to more sophisticated
tools.” According to recent recommendations of the
Response Assessment in Neuro-Oncology Working
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Group, volumetric methods for postoperative evalu-
ation of gliomas are not ultimately required at
present and still considered as a field of major
research.?252)

In conclusion, aggressive surgical resection and
adjuvant management of intracranial glioblastoma
may change its recurrence patterns. Further tumor
progression appears in the wall of the resection cavi-
ty or within 2 cm from its margin in approximately
half of such patients. This group has a trend for lon-
ger OS compared to patients with distant or multiple
recurrences.
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The Guidelines for Awake Craniotomy
Guidelines Committee of The Japan Awake Surgery Conference

Preface

Cortical mapping by awake craniotomy has become frequently used worldwide as part of the treatment
strategy for brain lesions located near language areas. However, no systematic guidelines have been es-
tablished for this surgery. The Japan Awake Surgery Conference has now created guidelines for awake
craniotomy for brain lesions near language areas.

The Japan Awake Surgery Conference was established in 2002 for the purpose of continuing research
into neurocognitive functions as well as establishing and promoting safe methods of awake craniotomy.
The 4th annual meeting of this conference decided to establish guidelines for awake craniotomy and or-
ganized a guidelines committee. Members specializing in the fields of neurosurgery, neurology, and
anesthesiology took part in discussions, a systematic review was carried out, and the guidelines com-
mittee attempted to create guidelines in compliance with evidence-based medicine methods as far as
possible. However, the absence of randomized control trials of awake craniotomy forced the guidelines
committee to use ‘“de facto standards’ to create the guidelines.

The guidelines consist of three parts: 1) Surgical maneuvers for awake craniotomy, 2) Anesthetic
management for awake craniotomy, and 3) Language assessment during awake craniotomy. The guide-
lines are not intended to override the methods of experienced practitioners, and are not intended to ex-
clude methods other than those included. We hope that these guidelines will improve the safety of
awake surgeries and promote the development of the neuroscience of neurocognitive function.

President of The Japan Awake Surgery Conference

Takamasa Kavyama, MD

I. SURGICAL MANEUVERS FOR AWAKE CRANIOTOMY

Indications

1. Age
[Recommendation]

While there is no specific upper age limit, an
anesthesiologist, surgeon, and speech therapist
should consider the condition of each patient care-
fully. Surgeons with little experience of awake
craniotomy should try to perform awake surgery
only in patients aged from 15 to 65 years.

[Commentary]

Awake surgery is usually performed in patients
aged from 15 to 65 years. However, patients indicat-
ed for such surgery are not only specified by age. If
the required tasks can be handled correctly, awake

surgery can be performed in persons younger than
15 years and older than 65 years. Patients can un-
dergo such surgery at any age if they are considered
to be suitable candidates after other factors have
been assessed. The cortex is difficult to excite by
electrical stimulation in children aged 7 years or
younger, so they do not fulfill the criteria for cortical
electrical stimulation.” Patients older than 70 years,
who may develop delirium or marked emergent in-
crease in blood pressure, require especial attention.

Reference
1) Berger MS, Ojemann GA, Lettich E: Neurophysiologi-
cal monitoring during astrocytoma surgery. Neu-
rosurg Clin N Am 1: 65-80, 1990

These guidelines are approved by The Japan Neurosurgical Society. The part on anesthetic management is approved by
the Japan Society of Anesthesiology and the part on language assessment during awake craniotomy is approved by the

Neuropsychology Association of Japan.

Copyright of this English version of the Guidelines is reserved by The Japan Neurosurgical Society.
Correspondence to: Takamasa Kayama, MD, Department of Neurosurgery, Yamagata University Faculty of Medicine,

2-2-2 lida-nishi, Yamagata, Yamagata 990-9585, Japan.
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2. Diseases
[Recommendation]

In principle, the indication is for intramedullary
diseases that can be treated surgically.

[Commentary]

Epilepsy without macroscopic demarcation be-
tween the normal brain tissue and the lesion, glioma-
tosis with indistinct borders, and cavernous heman-
giomas that can only be reached through normal
brain regions are typical indications.? Metastatic
brain tumors are sometimes an indication. Ex-
tramedullary tumors such as meningioma are a less
common indication, depending on the case.? For ex-
ample, extramedullary tumor corresponding to
brain disease with extended motor nerve involve-
ment may be an indication.

References

1) Muragaki Y, Maruyama T, Iseki H, Takakura K, Hori
T: [Functional brain mapping and electrophysiologi-
cal monitoring during awake craniotomy for intraaxi-
al brain lesions]. No Shinkei Geka Journal 17: 38-47,
2008 (Japanese)

2} Shinoura N, Yoshida M, Yamada R, Tabei Y, Saito K,
Suzuki Y, Takayama Y, Yagi K: Awake surgery with
continuous motor testing for resection of brain tumors
in the primary motor area. ] Clin Neurosci 16: 188-194,
2009

3. Sites
[Recommendation]

Areas indicated for awake surgery are locations
where surgical procedures may lead to worsening of
neurological symptoms, but can be assessed by the
performance of intraoperative tasks.

[Commentary]

Lesions in and around the anatomical language
areas, lesions in the lateral parietal lobe of the
dominant hemisphere (mainly including the angular
gyrus), lesions adjacent to the arcuate fibers (su-
perior longitudinal fasciculus), lesions adjacent to
the motor cortex, etc.

Awake surgery is indicated for lesions affecting
the triangular and opercular regions of the posterior
part of the inferior frontal gyrus (Brodmann’s areas
44 and 45) or the inferior part of the precentral gyrus
with respect to the language motor center, as well as
lesions in the posterior half of the superior, middle,
and inferior temporal gyri of the temporal lobe
(areas 41, 42, 22, and 37) or the supramarginal and
angular gyri of the parietal lobe (areas 40 and 39)
with respect to the sensory language center. Awake
surgery is also indicated for lesions adjacent to the
arcuate fibers (superior longitudinal fasciculus) that

appear to connect the motor and sensory language
areas. The hippocampus is located deep inside the
temporal lobe, and is associated with verbal memo-
ry, and includes the insular gyri.V If a lesion is locat-
ed near any of the above sites in the dominant
hemisphere or if the lesion cannot be confirmed to
affect the nondominant hemisphere, identify the
functional areas by stimulation.

Reference
1) Muragaki Y, Maruyama T, Iseki H, Takakura K, Hori
T: [Functional brain mapping and electrophysiologi-
cal monitoring during awake craniotomy for intraaxi-
al brain lesions]. No Shinkei Geka Journal 17: 38-47,
2008 (Japanese)

4. Other indications such as neurological sym-
ptoms
[Recommendation and commentary]

The patient has to participate in awake surgery, so
the patient, assessors, surgeons, and anesthe-
siologists must all fully understand the meaning of
aggressive resection and possible complications,
and be able to recognize whether or not the patient
can tolerate awake anesthesia.

If patients have already developed moderate or se-
vere symptoms, mapping and monitoring are
difficult to perform. For example, patients with im-
pairment of language functions, such as under-
standing, reading, repetition, and object naming, are
not suitable for awake surgery. Among patients who
cannot speak fluently but have no disorders of un-
derstanding, those with minor naming disorders
and decreased word enumeration are candidates,
although severe disorders may develop during sur-
gery.!

Patients with serious intracranial hypertension
and those with serious systemic complications are
not suitable.

Reference
1) Berger MS, Ojemann GA, Lettich E: Neurophysiologi-
cal monitoring during astrocytoma surgery. Neu-
rosurg Clin N Am 1: 65-80, 1990

5. Determination of the dominant hemisphere
[Recommendation]

Performance of a provocation test (Wada test) by
cerebral angiography is desirable. If determination
of the dominant hemisphere is done by noninvasive
tests such as functional magnetic resonance imaging
(fMRI), the therapeutic strategy should be defined af-
ter considering the possibility of pseudolocalization.

[Commentary]
Various advanced procedures such as fMRI, mag-

Neurol Med Chir (Tokyo) 52, March, 2012
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netoencephalography (MEG), and near infrared
spectroscopy (NIRS) have been developed as func-
tional tests. These procedures are noninvasive and
have made substantial contributions to neu-
roscience and neurology. However, for decision-
making about surgical resection, the “gold stan-
dard,” which is the most reliable procedure availa-
ble (the procedure used to define the “correct an-
swer’’ as the standard for comparison with new
procedures), should be used. The gold standards for
identification of the dominant hemisphere, func-
tional areas, and neuronal functions are the provo-
cation test (Wada test), that involves infusion of
anesthetic during cerebral angiography, identifica-
tion of functional sites by electrical stimulation, and
neurological testing, respectively. Although the
anesthetic for the Wada test was amobarbital in the
original proposal, propofol is primarily used these
days because amobarbital is not currently marketed
in Japan.® These “gold standard” procedures should
be used despite being more invasive because, if less
invasive but less reliable procedures are used and an
incorrect result is obtained, the invasiveness of sur-
gery may become greater than necessary. Determi-
nation of the dominant hemisphere in patients with
tumors causing compression based on fMRI may
have left-right errors (pseudolocalization) in 14%.%
The surgical strategy largely depends on whether or
not a lesion affects the dominant hemisphere and in-
correct information naturally increases the risk, so
performing the Wada test (the gold standard
preoperative procedure) is considered to be necessa-
ry. Although textbooks state that 99% of right-hand-
ed persons are left hemisphere dominant, a meta-
analysis of 734 patients undergoing the Wada test
{(including 121 of our patients)? revealed that the
dominant hemisphere for right-handed persons was
the left hemisphere in 88%, the right in 5%, and both
in 7%.Y The dominant hemisphere determined by
electrical stimulation is the left hemisphere in 91%
and the right in 9%. Thus, around 90% of right-hand-
ed persons are left hemisphere dominant and
around 10% are right hemisphere dominant, which
is not a low prevalence, suggesting that careful at-
tention should be paid during surgery to lesions in
functional areas of the dominant hemisphere. The
results of the Wada test in left-handed people have
shown that the left dominant:right dominant ratio
ranges from 1:1 to 3:1, with a slightly higher rate of
left dominance.

In recent years, the increasing accuracy of nonin-
vasive procedures such as fMRI, MEG, and NIRS
has provided us with more and more knowledge. In
addition, when a gradual transition from invasive to
noninvasive procedures occurs because of the risk

Neurol Med Chir (Tokyo) 52, March, 2012

of complications of cerebral angiography, including
the Wada test, the risk of pseudolocalization should
be accepted. Feedback with respect to comparison
of the results of the Wada test and those of mapping
by electrical stimulation is needed.

References

1) Ishikawa T, Muragaki Y, Maruyama T, Ono Y, Abe X,
Tanaka M, Amano K, Inoue T, Kubo O, Iseki H, Hori
T, Sakai K: [Efficacy of the determination of the
dominant hemisphere by Wada test and functional
MRI for tumors around language areas]. Presented at
the 65th Annual Meeting of the Japan Neurosurgical
Society; October 18-20, 2006; Kyoto (Japanese)

2) Medina LS, Bernal B, Ruiz J: Role of functional MR in
determining language dominance in epilepsy and
nonepilepsy populations: a Bayesian analysis. Radiolo-
gy 242: 94-100, 2007

3) Takayama M, Miyamato S, Ikeda A, Mikuni N, Taka-
hashi JB, Usui K, Satow T, Yamamoto ], Matsuhashi
M, Matsumoto R, Nagamine T, Shibasaki H, Hashimo-
to N: Intracarotid propofol test for speech and memo-
ry dominance in man. Neurology 63: 510-515, 2004

4) Ulmer JL, Hacein-Bey L, Mathews VP, Mueller WM,
DeYoe EA, Prost RW, Meyer GA, Krouwer HG,
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581, 2004

Methods

1. Preoperative treatment
1-1. Status and details of simulation
[Recommendation]

The tasks that will be performed during surgery
should be preoperatively rehearsed in the ward.
Simulation of the surgical posture, equipment set-
up, and role sharing, as well as rehearsal of the tasks
for the patient, surgeons, anesthesiologists, and
other surgical staff (such as nurses) should also be
performed in the operating room.

[Commentary]

For successful intraoperative mapping with
awake anesthesia, it is important to reduce the
patient’s anxiety as much as possible by maintaining
a comfortable environment during surgery. Bring
the patient to the operating room on the day before
surgery, and take enough time to explain what will
be done on the next day (including the posture that
the patient will be placed in by the surgeon,
anesthesiologists, and nurses). Then have the patient
actually adopt that posture. If possible, show the
patient a video of surgery on previous patients for
better understanding. If functional language map-
ping is performed, conduct higher function exami-
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nation before surgery, perform the tasks that will
done during surgery in the ward in advance, and
select intraoperative tasks, for example, by showing
the patient pictures or photographs of common ob-
jects used in object naming and selecting some that
the patient can answer correctly. If there has been a
long interval between examination and surgery in a
patient with progressive symptoms due to a tumor
adjacent to the language areas, the tasks should be
selected immediately before surgery.

1-2. Monitoring of anticonvulsants
[Recommendation]

In patients who are scheduled to undergo awake
surgery, it is desirable to initiate the administration
of anticonvulsants in advance and maintain effec-
tive blood concentrations if enough time is available.
Phenytoin can be administered and the concentra-
tion increased to the upper limit of the effective
range (target level 20 mg/dl) by the day before sur-

gery.

[Commentary]

Even if an effective blood concentration of an an-
ticonvulsant has been maintained since before sur-
gery, there is some risk of convulsions during awake
surgery (as described below). Therefore, sufficient
preoperative antiepileptic drug saturation is desira-
ble to prevent intraoperative convulsions and for
easy drug loading after the onset of convulsions. Re-
garding the selection of drugs, phenytoin is recom-
mended, since intravenous administration can be
performed immediately before or during surgery
when oral administration is not possible, rapid satu-
ration is easy, a steady-state blood concentration can
be obtained after a relatively short time (4-5 days),
and regulation of the blood concentration is easy.

The bioavailability of phenytoin is high (98%) and
there is little difference between systemic absorp-
tion after intravenous and oral administration. If
there are 3 or more days before surgery, it is desira-
ble to achieve the target blood concentration by oral
administration to reduce patient discomfort. If rapid
saturation immediately before surgery is selected,
the target blood concentration can be obtained
promptly by intravenous administration of pheny-
toin.

Especially for patients with tumors located near
the motor cortex, after obtaining an adequate
preoperative blood concentration of phenytoin, the
blood level should be monitored every 2 hours dur-
ing surgery. If the concentration is low, intravenous
administration of 250 mg of phenytoin should be
given to raise the concentration to the normal upper
limit (this dose increases the blood level by approxi-

mately 6 mg/dl in a patient weighing 60 kg), or
100-200 mg of phenytoin should be given every 4
hours during surgery (this dose will increase the
blood level by approximately 2.4-4.7 mg/dl in a
patient weighing 60 kg).

Sixteen (16%) of the 100 patients who underwent
awake surgery at Tokyo Women’s Medical Univer-
sity from 2004 to the present developed seizures un-
der awake conditions, whereas 48 (48%) of these 100
patients had a history of seizures before surgery.
Twelve (24.5%) of the 49 patients with tumors near
the motor cortex developed seizures during awake
surgery and this rate was higher than at other sites.
Occurrence of seizures during awake surgery is de-
fined as clinically obvious convulsions and does not
include patients who only have afterdischarges.

Among the 80% or more of our 100 patients who
had received preoperative antiepileptic drug ther-
apy, patients with lesions near the motor cortex and
a preoperative blood level within or above the effec-
tive range accounted for 70% of patients both with
and without intraoperative convulsions, although
the blood level was not measured in all patients.
Thus, even if the blood level of an antiepileptic drug
is within the effective concentration range, there is
no improvement of the preventative effect against
intraoperative seizures, which is more likely to de-
pend on the conditions of electrical stimulation.

Preoperative phenytoin loading is not performed
at Tokyo Women’s Medical University, so its effica-
cy has not been demonstrated there. Therefore, the
frequency of intraoperative convulsions in patients
with brain lesions at each site should be compared
with that determined at institutions where rapid
preoperative phenytoin saturation is performed to
assess the usefulness of this procedure. It may also
be necessary to assess the conditions employed for
electrical stimulation, especially for the motor cor-
tex, as well as the use of rapid anticonvulsant satura-
tion.

[Saturation]'?

Initial loading dose [mg]: target blood concentra-
tion [mg/dl] X volume of distribution Vd [l/kg] X
body weight [kg] = 20 X 0.7 X body weight [kg]..(a)

Additional loading dose [mg]: {target blood con-
centration — measured value [mg/dl]} X volume of
distribution Vd [l/kg] x body weight [kg] = (20 —
measured value) X 0.7 X body weight [kg]........... (b)

Where target blood concentration is 20 mg/dl, and
Vd is specific value for each drug: phenytoin 0.6-0.8
(approximately 0.7) l/kg.

For example, in a patient weighing 60 kg, the ini-
tial loading dose calculated using (a) is 840 mg,
which is administered as three divided doses every 2
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