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Radiation-induced Brain Injury
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Akio Asai', Keiji Kawamoto®

Abstract

Radiation-induced brain injury is a life-threatening or at least QOL-compromising pathological entity
induced by therapeutic irradiation to malignant brain tumors. Although life-threatening late delayed
radiation necrosis and radiation-induced leukoencephalopathy had been assumed to be major complica-
tions of radiation therapy to the brain classically, these complications seem to be less frequently seen in
therapeutic irradiation to the brain recently because in many treatment protocols to brain tumors, irradia-
tion field is now confined to tumors and their margins and adjuvant chemotherapy consisting of methoth-
rexate etc. has been avoided as much as possible. Instead, less aggressive but still QOL-compromising
encephalopathy has been recognized for the past 20 years. This encephalopathy occurs in senior adults
several months after the extended field irradiation with even less amount of irradiation dose such as 40 Gy
whole brain irradiation. This encephalopathy is characterized by cognitive impairment and brain atrophy
which attenuates QOL of the patients. In this article, these radiation-induced brain injuries are reviewed
clinically, etiologically and hisotopathologically based on reports in the literature,

Key words : radiation-induced brain injury, radiation encephalopathy, radiation necrosis, leukoencephalopathy, neural

stem cells, dementia
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Abstract The aim of present study is to explore the
immunochistochemical profiles of brain metastases from
breast cancer. We retrospectively performed immunohis-
tochemical staining for estrogen receptor (ER),
progesterone receptor (PgR), buman epidermal growth
factor receptor type 2 (HER2/neu), and cytokeratin (CK) 5/
6 in 29 patients with resected tumor specimens of brain
metastases. Immunchistochemical staining for ER, PgR
and HER2/neu was performed in 24 patients with primary
tumors. The positive frequency of immunohistochemical
profiles of ER, PgR, HER2/neu, and CK5/6, in the brain
metastases were 13.8%, 6.9%, 37.9%, and 24.1%,
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respectively. The immunchistochemical profiles including
ER, PgR, and HER2/neu of the primary tumor and the
brain metastasis differed in seven patients (29.2%, N = 7/
24). Interestingly, the biological characteristics of brain
metastasis sometimes changed which were represented by
immunohistochemical staining. Therefore, the changes in
the biological features of breast cancer should be taken into
account when developing treatment strategies, including
new molecular-targeted drugs, for brain metastases.

Keywords Immunohistochemical staining -
Discordance - Hormone receptor - HER2/neu -
Breast cancer - Brain metastasis

Introduction

Brain metastasis is the most common type of malignancy
found in the brain and is responsible for a substantial
fraction of the total morbidity and mortality of metastatic
breast cancer patients. Brain metastasis is generally a late
feature in the history of metastatic breast cancer. The
incidence of symptomatic brain metastases in metastatic
breast cancer ranges from 10% to 16% and has been
reported to be even higher in human epidermal growth
factor receptor type 2 (HER2/neu)-positive tumors [1].
Current systemic therapy, including hormone therapy,
chemotherapy and molecular-targeted drug therapy, is not
effective for the treatment of brain metastasis, and the
development of treatment strategies for brain metastasis
has become a critical issue.

A recent study reported that patients with HER2/neu-
positive metastatic breast cancer had a high incidence of
subsequent brain metastasis than HERZ/neu-negative
patients [2-4]. The human epidermal growth factor
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receptor family is involved in cell proliferation, differen-
tiation, and survival. HER2/neu amplification is widely
known to indicate an aggressive tumor behavior and poor
clinical ontcome in breast cancer patients. HER2/neu over
expression occurs in approximately 20-30% of breast
cancer patients [5]. Trastuzumab, a monoclonal antibody
against HER2/neu, has been shown to be significantly
effective in both adjuvant and metastatic settings [6, 7].

One interpretation of these results was that HER2/neu-
positive breast cancer may have a biological affinity toward
the development of brain metastasis or trastuzumab-con-
taining therapy prolongs survival until the eventual
development of brain metastasis, On the other hand, evi-
dence indicated trastuzumab cannot enter cerebrospinal fluid
[8]. Blood brain barrier creates a “sanctuary” for cancer cells
where antitumor agents cannot penctrate in high enough
concentrations to have any substantial effect. However,
whether prolonged patient survival enables cancer cells that
have become resistant to trastuzumab to metastasize to the
brain remains uncertain. Furthermore, whether brain
metastases continue to overexpress HER2/neu and to be
sensitive to trastuzumab therapy also remains unknown.

On the other hand, triple negative breast carcinomas
(TNBCs) are a group of primary breast tumors with aggres-
sive clinical behavior that account for 10-15% of all breast
cancers [9]. Most TNBCs possess a basal phenotype and
show varying degrees of basal cytokeratin (CK) and myo-
epithelial marker expression. Histologically, such cancers
are poarly differentiated, and most fall into the basal sub-
group of breast cancers, characterized by staining for basal
markers (i.e., CK5/6) [10]. A previous study, in which pri-
mary tumors were immunohistochemically analyzed,
reported that patients with estrogen receptor (ER)-negative
and progesterone receptor (PgR)-negative tumors either with
or without HER2/neu over-expression had a high risk of
brain metastasis in a case-controlled study. A multivariate
analysis of a database containing 10,782 patients in another
study also reported that the independent risk factors for
central nervous system metastasis were ER negativity, a
young age, and a histology of invasive ductal carcinoma [ | 1].

We therefore investigated the immunohistochemical
profiles, including ER, PgR, HER2/neu, and CK5/6 of
brain metastases in breast cancer patients. In addition, we
investigated the changes in the immunohistochemical
profiles of the primary tumors and the brain metastases,

Patients and methods
Patients

Two hundred fifty-two patients with breast cancer received
trastuzumab-based chemotherapy between January 1999
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and January 2006 at the National Cancer Center Hospital
(NCCH), in Japan. (48 patients in neo-adjuvant setting and
204 patients in metastatic or recurrent setting) Of these, 74
patients (36.3%) developed brain metastases, Twenty-nine
patients with brain metastasis were retrospectively identi-
fied based on records in the hospital’s surgical database.
All clinical information was collected from patient chart.
Trastuzumab had been initially administered at an intra-
venous loading dose of 4 mg/kg, followed by weekly
infusions of trastuzumab (2 mg/kg) in combination with
chemotherapy. The present study was approved by the
Institutional Review Board of the National Cancer Center,

Tissue samples and microscopic
and immunohistochemical analysis

Hematoxylin-eosin stained specimens were reviewed by
two pathologists (K.T. and K.S.) and were confirmed to
contain an adequate amount of cancer tissue available for
use in the present study. All mmor specimens from brain
metastasis resections were available for immunohisto-
chemical analysis. Tumor specimens from primary breast
cancers were available for immunchistochemical analysis
of ER, PgR, and HER2/neu in 24 of the 29 patients.

The pathological and immunchistochemical examinations
were conducted by the same pathologists (K.T. and K.S.), who
were blinded to the clinical statuses of the patients. Formalin-
fixed, paraffin-embedded tissue samples were sectioned (4-
pm thick) and mounted on charged slides. Immunchisto-
chemical staining for ER (clone 1D5; DAKO, Carpinteria,
CA), PgR (clone PgR636; Dako), and CK5/6 (clone D5/16B4;
Dako) were performed using the streptavidin-biotin method
and were considered positive if 10% or more of the nuclei in
the invasive component of the tumor were stained [12, 13].
The HER2/neu status, as assessed using Herceptest (Dako),
was scored on a scale of 0 to 3+, according to the Dako
scoring system. HER2/neu-positive was defined by HERY/
neu 3+ or HER2/neu 2+ and fluorescence in situ hybridiza-
tion-positive. Negative controls, in which the primary
antibody was omitted, were also included in each run.

Statistical analysis

The comparisons were made between two groups using a
Chi-square test, a Fisher exact test. All the statistical
analyses were performed using SPSS 12.0] (SPSS Inc.,
Chicago, IL, USA), and the significance level for the
results was set at 0.05 (two-sided).

Results

The present study included 29 patients with brain metas-
tasis, and the median age at the time of the diagnosis of
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Table 1 Patient characteristics

Characteristics of brain Prior history Total
metastasis of trastuzumsb
+) (=)
Median size (in mm) of 32 (3040) 36 (20-60) 35 (20-60)
brain metastasis (range)
Number of brain metastases
1 6 18 24
2 2 2 4
3 0 1 1
Side (right/lefubilateral) 17641 13/8/0 14/14/1
Site
Frontal lobe 0 1 |
Parietal lobe 0 2 2
Temporal lobe 1 5 6
Occipital lobe 1 2 3
Cerebellum 6 10* 16"

* One patient had brain metastases in both the cerebellum and
occipital lobe

brain metastasis was 53 years old (range, 39-78 years).
The median time to brain metastasis from the time of breast
cancer diagnosis was 2.9 years (range, 0-23.1 years).

In this study, eight patients had a prior history of receiving
chemotherapy containing trastuzumab, seven of these
patients had received trastuzumab-containing chemotherapy
in a metastatic setting, and one had received trastuzumab-
containing neo-adjuvant chemotherapy, five patients had a
prior history of receiving hormone therapy, seven patients
had a prior history of receiving chemotherapy, two patients
had a prior history of receiving both hormone therapy and
chemotherapy, and seven patients had received no systemic
therapy prior to the brain tumor resection.

The patient characteristics are shown in Table 1. After
the brain tumor resection, most patients (59%) received
whole brain radiotherapy, cight patients received local
brain radiotherapy, one patient received y-knife radiother-
apy, and three patients did not receive additional brain
radiotherapy. After the completion of the local treatment
for metastatic brain mmor, 14 patients received systemic
chemotherapy, including three patients who received
combination chemotherapy including trastuzumab, one
patient who received trastuzumab therapy alone, five
patients who received hormone therapy, and three patients
who received intrathecal chemotherapy because of the
rapid progression of meningeal carcinomatosis. Six
patients received supportive care alone. The median overall
survival time was 14.7 months.

The positive frequency of immunohistochemical profiles
of ER, PgR, and HER2/neu, in 24 primary tumors were 12.5%
(N = 3/24), 8.3% (N = 2/24), 37.5% (N = 9/24), respec-
tively. The positive frequency of immunohistochemical
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Table 2 Relationship between prior history of receiving trastuzumab

and i histochemical profiles in speci d from brain

metastasis (Chi-square test and Fisher exact test)

Variables Total (%) Prior history of rastuzumab P-value

=0 = -)

ER 099
Negative 25 7 18
Positive 4 1 3

PgR 0.99
Negative 27 8 19
Positive 2 0 2

HER2/neu 0.402
Negative 18 2 16
Positive 11 6 5

CK5/6 0.99
Negative 22 6 16
Positive 7 2 5

Basal type" 0.647
No 23 7 16
Yes 6 1 5

Abbreviations: ER, estrogen receptor; PgR, progesterone receptor;
HER2/neu, human epidermal receptor type 2; NA, oot applicable

* Basal type in y study defined as ER negative, PgR negative,
HER2/neu negative, and CK5/6 positive brain metastasis

profiles of ER, PgR, HER2/nen, and CK5/6, in 29 brain
metastases were 13.8% (N = 4/29), 6.9% (N = 2/29),
37.9% (N = 11/29), and 24.1% (N = 5/29), respectively
(Table 2). Among patients with both hormone-negative and
HER2/neu-negative statuses, basal type (CK5/6 positive)
breast cancer was observed in 42.9% (N = 6/14). The
staining results for ER, PgR, HER2/neu and CKS5/6 in the
brain metastases were not statistically correlated with a prior
history of receiving trastuzumab-containing chemotherapy
(Table 2).

The frequencies of immunohistochemical change in ER,
PgR. and HER2/neu were 12.5% (N = 3/24), 4.2%
(N = 1/24), and 12.5% (N = 3/24), respectively (Table 3).
The immunohistochemical profiles for ER, PgR, and
HER2/neu differed between the primary tumors and the
brain metastases in seven patients (29.2%; N = 7/24, see
Table 4). With regard to the systemic treatment options,
the treatment options for six patients (25%) were changed
based on the immunchistochemical profiles of their brain
metastases. Among the patients who had been previously
treated with trastuzumab, 25% of the patients (N = 2/8)
had changed to a HER2/neu-negative status.

Discussion

The present study demonstrated immunohistochemical
characteristics for ER, PgR, HER2 receptor, and CK5/6 of
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Table 3 Changes in immunchistochemical profiles in estrogen
receptor, progesterone recepior or HERZ receptors between primary
tumors and brain metastases (o = 24)

Primary tumor Brain metastasis N
ER (-) ER (-) 19
ER (+) - o
ER (+) ER(-) . 2
ER (+) 1
PgR (-) PgR (-) 2
PgR (+) 0
PgR (+) PgR (-) 1
PgR (+) 1
HERZ/peu (—) HER2/peu () 14
HER2/oeu (+) 1
HER2/neu (+) HER2Y/pew (—) b o}
HERZneu (+) 7

Abbreviations: ER, estogen receptor; PgR, progesterope receptor,
HER2Z/neu, human epidermal receptor type 2

Tralic ber indicated seven patients who had changes of immuno-
histochemical profiles

* Ope patient with an ER-pegative, PgR-negative, HER2-positive
primary tumor developed an ER-positive, PgR-negative, HER2/neu-
negative brain metastasis

Table 4 Discordance cases of immunohistochemical profiles
between primary tumor and brain metastasis (N = 7)

Case ER PgR HERZoeu

no. - Bra Pri Brai Pri Brai
meta meta meta

1 + = - = = -

2 - - 4 - - -

3 + - + - - -

4 - + - - + +

5 - - - - - +

6 - - - - + -

7 - + - - § -

Abbreviations: ER, estrogen P PgR, progester receptor,

HER2/neu, buman epidermal receptor type 2

brain metastases from breast cancer patients. Although
present study had small number of patients and potential
selection bias, it is remarkable that the biological charac-
teristics of brain metastasis sometimes changed from the
primary tumors.

ER, PgR and HER2/neu immunohistochemical profiles
of the primary wmors differed from those of the brain
metastases in 29.2% of the patients in the present study; in
particular, the HER2/neu status of the two specimens dif-
fered in 12.5% of the patients. Generally, marked
intratumoral heterogeneity is rare than the degree of het-
erogeneity (as determined using immunohistochemical
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analyses and FISH) between primary tumors and their
metastases [14-16). Some previous reports have compared
the HER2/neu status of primary tumors and metastases,
including axillary lymph node metastasis, local recurrence,
distant metastasis, and autopsy findings, but only one smdy
addressed brain metastases. These previous studies,
excluding the smdy that examined brain metastases,
described discordance rates of between 0% and 37.5% [ 14,
16-22]. In a study comparing primary tumors and axillary
or metastatic lymph nodes, 0-2% of the patients had a
discordance in their HER2/neu statuses [23, 24]. Similar to
the results of these studies, discordance has been reported in
<5% of primary tumors and their local recurrences [ 14, 16].
Meanwhile, the rate of discordance in studies examining
distant metastasis at various sites was between 6% and
37.5% [17-21). Among these studies, only two included
patients with brain metastasis, but less than five patients
were reported and they were not described in detail [17, 18].
Only one study examining patients with brain metastasis
reported that 51.5% (N = 17/33) of the patients exhibited
the over-expression of HER2/neu (as determined using
immunochistochemical analyses) and 25.8% (N = 8/31)
exhibited HER2/neu gene amplification. The concordance
rate between the immunohistochemical analyses and FISH
was 86% when compared with individual metastatic
lesions (43 lesions). The concordant rates between the
primary tumors and the brain metastases were 58%
(N = 7/12) according to the immunohistochemical analy-
ses and 100% (N = 10/10) according to FISH [25].
Although the frequency of discordance between the pri-
mary tumors and the brain metastases differed among the
studies, probably because of differences in the measure-
ment methods and the small sample sizes, it is important to
realize that the brain metastases in some patients have
different HER2/neu statuses from those of the primary
tumors.
Hormone positivity in the brain metastases was rela-
tively low in this cohort. Hormone receptor discordance in
locoregional recurrences or lymph node metastasis may be
more frequent than HER2/neu discordance. The rates of
discordance have been reported to be 10-25% for ER and
21-44% for PgR between the primary tumor and locore-
gional recurrence or lymph node metastasis [14, 24, 26,
27]. The rate of discordance between the primary tumor
and distant metastasis was similar to that of regional lymph
node metastasis or recurrence, which were reported to be
28-42% for ER and 17% for PgR [26, 27]. The discordance
rate for hormone receptors in the present study was slightly
lower than those reported in previous studies, but whether
the hormonal characteristics of brain metastasis differ from
those of other distant metastases remains uncertain.
Although the overall frequency of CKS5/6 positive
brain metastases was low (24.1%, N = 7/29) in present
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study, most of patients (71.3%, N = 5/7) were basal type
subgroup in patients with CK5/6 positive brain metas-
tases. A previous study revealed that primary tumors
which were negative for ER but that expressed basal
CK5/6 and overexpressed HER1 or HER2/neu were
more likely to develop brain metastasis [28]. The chan-
ges in basal type markers between the primary tumors
and the brain metastases are uncertain in the present
study because CK5/6 staining was not performed in the
primary tumors.

There is one report that suggests chemotherapy do not
modify the HER2/neu status in metastatic lesions [16].
On the other hand, Regitnig et al. reported that HER2/
neu amplification and overexpression may occur de novo
in distan! metastasis at a late stage of disease [18].
Currently, possible mechanisms of trastuzumab-resistance
include the down-regulation of p27, the activation of
insulin-like growth factor receptor (IGF-1R), the loss of
PTEN, pAkt, interactions between HER family members,
the masking of HER2/neu by membrane-associated gly-
coprotein mucin-4, angiogenesis, and the induction of
antibody-dependent cellular toxicity by the immune
system [29, 30]. These hypotheses remain controversial,
and some studies assessing IGF-1R and p53 in clinical
samples have reported negative results [12, 31]. Our
study suggests that some patients with HER2/neu nega-
tive primary whose brain metastasis were HER2/neu
positive responded to trastuzumab therapy after diagnosis
of brain metastasis [21]. However, whether the biological
changes in the breast cancer cells described in the
present study and in previous studies influence the
mechanism of resistance to trastuzumab therapy remains
unknown.

The present results suggest that all distant metastases
should not be assumed to be biologically equal to locore-
gional metastasis, and that a re-assessment of the
immunchistochemical status of the brain metastasis, if
possible, may be useful to optimize treatment. Further
studies are warranted to address the reason of discordance
in the immunohistochemical profiles of the primary tumors
and the brain metastases.
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Three Cases of Sub-scalp Tumaor Presenting with Protrusion of the Head

Case 1 was an 81-year-old male who underwent nght nephrectomy for renal cell carcinoma 5 years ago. When he fell down
and hit his back of the head, he noticed an occipital lump (Fig 1). The bulging was growing gradually within several months
He underwent an éxcisional biopsy and pathological findings showed a metastatic tumor from renal cell carcinoma. Irradiation
was administered. Case 2 was o 58-year-old female who suffered head trauma 3 years ago. She noticed a protrusion on her

ical

parictal cranium while grooming her own hair (Fig. 2). She received a needle biopsy and the patholog ENOSIS was

meningioma. She underwent surgical resection of the tumor and cranioplastic surgery. Case 3 was an 8§ l-year-old male who
had tingling-numb on his forehead for 6 months. Because of the persistent dysesthesia accompanied by progressive swelling
i(Fig. 3). he consulted our hospital and was operated on [or hisiological confirmation. Obtained tiss

poorly differentiated carcinoma. He subsequently received irradiation on the frontal lesion

ies were composed of

Figure 2.
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A multicenter phase | clinical trial, namely, Integrated Japanese Multicenter Clinical Trial: A
Phase | Study of Interferon-g and Temozolomide for Glioma in Combination with
Radiotherapy (INTEGRA Study), is being conducted for patients with high-grade glioma in
order to evaluate the safety, feasibility and preliminary clinical effectiveness of the combi-
nation of interferon-g and temozolomide. The primary endpoint is incidence of adverse
events. The secondary endpoints are progression-free survival time and overall survival time.
In addition, objective tumor response will be evaluated in a subpopulation of patients with the
measurable disease. The reduction rate of tumor will be calculated according to Response
Evaluation Criteria In Solid Tumors for measurable tumors as determined by magnetic reson-
ance imaging. Subsequently, the overall response will be evaluated based on the results of
measurable and non-measurable tumors. Ten newly diagnosed and 10 recurrent patients will

be enrolled In this study.

Key words: chemo-phase I-1I-11l — clinical trials — CNS

INTRODUCTION

Gliomas account for ~40% of all brain tumors and are thus
the most common primary tumors of the central nervous
system. Primary brain tumors are classified according to
their cell type and histological grade into categories defined
by the World Health Organization (WHO) (1). High-grade
(WHO grades 111 and IV) gliomas, which include anaplastic
astrocytoma (AA), anaplastic oligodendroglioma (AO),
anaplastic oligoastrocytoma (AOA) and glioblastoma multi-
forme (GBM), are often resistant to treatment; GBM, the
most common glioma in adults, kills patients within a
median time span of a year after diagnosis despite treatment

For reprints and all corresp Toshihiko Wakabayashi, Dey o
N gery, Nagoya University School of Medicine, Nagoya, Japan.
E-mail: wakabat@med.nagoya-u.ac.jp

with aggressive surgical resection, nitrosourca-based
chemotherapy and radiotherapy (2—4). A number of studies
by large cooperative groups have shown the benefits of
radiation therapy in doses up to 60 Gy after surgery for
improving overall survival and time to progression (5).
In Japan, nitrosourea agents such as 1-(4-amino-2-methyl-5-
pyridiminyl)methyl-3-(2-chloroethyl)-3-nitrosourea and
methyl-6-[3-(2-chloroethyl)-3-nitrosoureido]-6-deoxy-alpha-
p-glucopyranoside have been used to treat malignant gliomas
for a long time; however, this treatment offered few clinical
benefits. Temozolomide (TMZ), an oral alkylating agent, has
been demonstrated to possess antitumor activity against
malignant gliomas, with minimal additional toxicity; further-
more, in a previous study of concomitant radiation therapy
and chemotherapy with TMZ followed by adjuvant TMZ,
survival duration substantially improved (6). In 2006, TMZ

@© The Author (2008). Published by Oxford University Press. All rights reserved.
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was certified as the treatment agent for malignant gliomas
by the National Ministry of Health and Welfare of Japan,
and a combination of radiotherapy and chemotherapy
with TMZ is now used as the first-line therapy. However, its
clinical outcomes depend on the O-(6)-methylguanine-DNA
methyltransferase (MGMT) status, and MGMT modification
is one of the key factors to obtain greater clinical benefits in
the future,

Interferon-B (IFN-B) exhibits pleiotropic biological effects
and has been widely used either alone or in combination
with other antitumor agents in the treatment of malignant
gliomas and melanomas (7). In the treatment of malignant
gliomas, IFN-B can act as a drug sensitizer, enhancing
toxicity against various neoplasms when administered in
combination with nitrosourea. IFN-f and nitrosourea combi-
nation therapy has been particularly used for the treatment of
gliomas in Japan (8). Previously, we demonstrated that
IFN-B markedly enhanced chemosensitivity to TMZ in an
in vitro study of human glioma cells (9); this finding
suggested that one of the major mechanisms by which
IFN-f enhances chemosensitivity is the downregulation of
MGMT transcription via p53 induction. This effect was also
observed in an experimental animal model (10). These two
studies suggested that chemotherapy with IFN-B and TMZ
plus radiation might further improve the clinical outcome in
malignant gliomas when compared with TMZ plus radiation
therapy. Here, in order to evaluate the safety, feasibility and
preliminary clinical effectiveness of the combination of
IFN-P and TMZ, we are conducting a clinical study, namely,
Integrated Japanese Multicenter Clinical Trial: A Phase |
Study of Interferon-B and Temozolomide for Glioma in
Combination with Radiotherapy (INTEGRA study). This
study involves eight medical institutions, covering the entire
regional population of Japan.

PROTOCOL DIGEST OF THE STUDY

Purrose

The main aim of this study is to evaluate the safety, feasi-
bility and preliminary clinical effectiveness of IFN-B and
TMZ for the treatment of malignant gliomas.

Stupy SETTING AND PrOTOCOL REVIEW

This is a multicenter clinical trial involving eight neuro-
surgical institutions: Yamagata, Saitama Medical, Nippon
Medical, Nagoya, Osaka, Kyoto, and Hiroshima Universities
and Kitano Hospital. The protocol has been reviewed and
approved by institutional review boards of each of these
institutions.

REGISTRATION AND MONITORING

Participating investigators arc instructed to send an eligibility
criteria report to the Data Center at Nagoya University,

which is a third party different from the study director. Ten
newly diagnosed and 10 recurrent patients are registered for
a period of 6 months from December 2007. Data, including
those of magnetic resonance imaging (MRI), blood tests, and
pathology, will be collected at the data center. The quality of
data will be checked and verified at the data center. If
required, the data center would provide feedback to the insti-
tutions. The data center will send high-quality data to the
study director. Committees of safety and efficacy (Dr Kazuo
Tabuchi, Koyanagi Memorial Hospital, Saga), radiotherapy
(Dr Shinji Naganawa, Department of Radiology, Nagoya
University School of Medicine), pathological review
(Dr Youichi Nagasato, Department of Pathology, Gunma
University School of Medicine) and statistics (Dr Kunihiko
Hayashi, Gunma University School of Health Science) will
send their reports to the head office.

EnnpoinTs

The primary endpoint is incidence of adverse events. The
secondary endpoints are progression-free survival time and
overall survival time, In addition, objective tumor response
will be evaluated in a subpopulation of patients with measur-
able disease. The reduction rate of tumor will be calculated
according to Response Evaluation Criteria In Solid Tumors
for measurable tumors as determined by MRI. Non-measurable
tumors are classified into four grades: complete remission,
partial response, progression and not evaluable. Subsequently,
the overall response will be evaluated based on the results of
measurable and non-measurable tumors.

Evciniry Criteria
The eligibility criteria are as follows:

(i) Histologically confirmed diagnosis of newly diag-
nosed or recurrent high-grade glioma (AA, AO, AOA
or GBM). More than 50% volume of tumor is located
in the supratentorial region.

No tumor recognized in the optic nerve, olfactory
nerve and pituitary gland on pretreatment MRI.

No dissemination detected by MRI. Age between 18
and 75 years at the time of registration.

Performance status is 0-2, 3 only due to neurological
deficits.

Sufficient organ function before chemotherapy accord-
ing to the following laboratory data; WBC > 3000/mm”
or neutrophils > 1500/mm?>, platelets =100 000/mm’,
hemoglobin =8.0 g/dl, bilirubin <1.5 mg/dl, serum
glutamic oxaloacetic transaminase < 100 U, serum
glutamic pyruvic transaminase < 100 IU, creatinine
<1.5 mg/dl, creatinine clearance =50 ml/min and
electrocardiogram showing no serious arrhythmia and
no serious ischemic heart disease.

No prior chemoradiotherapy for newly diagnosed
patients.

(ii)
(iii)
(iv)

(v

—

(vi)
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{vii) The interval from the end of prior anti-tumor therapy
(e.g. chemotherapy, radiotherapy, immunotherapy)
must be at least 4 weeks for recurrent patients, regard-
less of the regimen.

(viii) Written informed consent.

Excrusion CRITERIA
The exclusion criteria are as follows:

(i) synchronous double cancer or metachronous double
cancer in last 5 years; carcinoma in situ accepted;
(ii) meningitis or pneumonia;
(iii) pregnant, possibly pregnant, or nursing women,
(iv) mental disorder;
(v) uncontrolled diabetes mellitus (DM) or under
treatment with insulin for DM;
(vi) myocardial infarction in last 3 months;
(vii) history of pulmonary fibrosis or interstitial pneumonia.

TrearmenT METHODS
For newly diagnosed patients:

Radiotherapy 60 Gy/30 fr, 2 Gy x5 days/week;

IFN-B 3 MiU/body, administered intravenously on
alternate days during radiotherapy;,

T™Z 75 mg/(m® day), daily from the first day to the
last day of radiotherapy.

After completing this induction period, all patients will
have 4 weeks of washout period, and they will be then
shifted to adjuvant period.

IFN-B 3 MIU/body, administered on the first day moming
every 4 weeks;

150 mg/(m” day) (days 1-5: first cycle);

200 mg/(m” day) (days 1—5: second to sixth cycle).

T™MZ

In the absence of hematologic toxicity, the dose is
increased to 200 mg/(m? day), beginning with the second
cycle to the sixth cycle.

This cycle is repeated six times every 28 days in the
absence of tumor progression, serious adverse events such
as grade 4 hematological toxicity, refusal of therapy and
deviation from the protocol.

For recurrent patients:

IFN-B 3 MIU/body, administered the first day morning
every 4 weeks (day 1);

150 mg/(m” day) (days 1-5: first cycle);

200 mg/(m* day) (days 1—5: second to sixth cycle).

T™Z

In the absence of hematologic toxicity, the dose is
increased to 200 mg/( m? day), beginning with the second
cycle to the sixth cycle.

Jpn J Clin Oncol 2008:38(10) 717

This cycle is repeated six times every 28 days.

This regimen has been considered to be the most
promising based on previous clinical studies (8,11—14).
Thus, dose-limiting toxicity was not evaluated in this study.

ForLow-up ann StansnicaL Memvobs

Disease progression and occurrence of new disease will be
examined by MRI performed at baseline and at least after
every 4—5 weeks during treatment. Blood tests and symptom
checks will be carried out before treatment and at least after
every 2 weeks during treatment. Follow-up will continue for
3 months from the end of treatment. In cases wherein
therapy is discontinued due to toxicity, clinicians would
follow-up patients until they recover from toxicity. In
addition, overall survival, progression-free survival and treat-
ment success curves arc constructed as time-to-event plots

by the Kaplan—Meier method.
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