2548 NATSUME ET AL

[em—— IT==cu= ISEwee:

Mean methylation level
E

-+ R Tl
U251 T98 NNS-10 Saos2

FicuRe 3 - NY-ESO-1 methylation analyses. (a) DNA methylation of the NY-ESO-/-gene was measured by MSP. The NY-ESO-1 is heavily
methylated in glioma cells but not in Sa052 cells before 5-aza-CdR treatment, and it is hypomethylated following 5-aza-CdR sure. U and
M, reactions for unmethylated and methylated sequences, respectively. (b) Representative pyrograms of hyper- and hypomethylation. The
sequence in the upper pan of cach pyrogram rep the seq ¢ under i igation. The sequence below the pyrogram indicates the

q ially added nucleotides. The gray regions indicate the anal C/T sites; the percentage values for the respective cytosine methylation
are provided abave them. Yellow regions indi the positions where a cytosine was added to verify the complete conversion from unmethy-
lated cytosine 1o thymine. (¢) Quantitative analyses of NY-ES0-1 methylation by pyrosequencing. Mean methylation levels = SD were §6.3%
+ 5.5%, 033% ~ 0.6% and 93.3% = 1.5% for U251, T98 and NNS-10 glioma cells, respectively, while it was 30% = 12% for SsOS2 cells
constitutively expressing NY-ESO-1. Following 5-aza-CdR treatment (+), methylation levels were significantly decreased 10 54% = 9.1%,
68% + 6.9% and 46,7% = 5.7% for U251, T9R and NNS-10, * p < 0.05 compared to untreated (—) cells. [Color figure can be viewed in the
online issue, which is available at www.interscience. wiley com.]
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Fioume 4 — Antigenic potentiation of glioma cells by 5-aza-CdR.
(a) Upregulation of HLA class I. Untreated U251 glioma cells (black)
and those treated with S-aza-CdR (gray) were stained with anti-HLA
class I mAbs (W6/32). Negative staining of untreated and treated
U251 cells with isotype control mouse 1gG2a is shown (white). (b)
Cytolytic_activity of 2 independe d’ induced NY-ESO-1 CTL lines
against U251 ( -A2") before (O) and after (®) S-aza-CdR treat-
ment; other NY-ESO-1 " glioma cells, SK-MG-1 (A24, A}); human os-
teosarcoma cells, Sa0S-2 (A2, NY-ESO-17, #); and humnn myclotd
leukaemia cell line K562 (V). Exp. 1, Ea.rtnrncrll 1; Exp. épe
ment 2. {c) The CTL-mediated t cell S—mm—tmaled 251)
lysis was blocked usi ﬂ.ﬁd Is that hld been loaded with the
HLA-A2-binding NY- tEephde pl57-165 (SLLMWITQC) (=)
but not with the cw i.e., the HLA-A2-binding IL-13Ra2

plide p345-354 ( FILI) (O). The same CTL line as in the
E\p 2 of Figure 45 was used in the experiment (E:T ratio, 10:1).

glioma cells, administration of the agent did not induce CTA
expression in these cells (Fig. 2b and Table II).

To assess whether the induction of CTA mRNA is followed by
the production of the appropriste protein, western blouing for NY-
ESO-1 was performed using untreated and $-aza-CdR-treated glioma
cell lines, The Sa0S-2 osteosarcoma cell line, which consttutively
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expresses NY-ESO-] without 5-aza-CdR trestment, was used as a
positive control. As shown in Figure 2¢, 23-kDa bands corresponding
to NY-ESO-1 were observed in all gli cell lines eated with 5-
aza-CdR but were absent in the untreated cells (all data not shown).
This result suggested that the NY-ESO-] expression was induced after
5-aza-CdR weatment at the protein level as well as the mRNA level.

Quantitative CpG island mapping with Pyroseq ing™

MSP experiments were performed to evaluate the methylation
status of NY-ESO-1 in cultured glioma cells. We observed that the
NY-ESO-1 is heavily methylated in glioma cells before 5-aza-CdR
treatment and becomes hypomethylated following 5-aza-CdR ex-
posure (Fig. 3a). To quantify the methylation of the CpG sites of
NY-ESO-1, we employed a nuvel real-time DNA sequencing tech-
nology called Pyrosequencing™. This technology was originally
developed for the analysis of smgle-bu: vmaucms and enables
the precise quantifi of inc ides at polymor-
phic positions. Treatment of the DNA with sodium bisulphite con-
verts the :pgcncuc difference between methylated and unmethy-
lated cytosine into a single-base variation of the C/T type. There-
fore, Pyrosequencing is a very suitable wol for methylation
analysis. R tive pyrograms for hypermethylated
(untreated U251 cells) and hypomethylated (U251 cells following
S-aza-CdR exposure) are shown in Figure 3b, We identified the
regions showing the largest differences in methylation and com-
pared methylation levels of a small window (3 CpG sites) of NY-
ESO-1. Mean methylation levels = standard deviation (SD) were
86.3% = 5.5%, 93.3% = 0.6% and 93.3% = 1.5%, for U251, T98
and NNS-10 glioma cells, respectively, while it was 30% = 12%
for Sa0S2 cells constitutively expressing NY-ESO-1. Following 5-
aza-CdR treatment, methylation levels were significantly
decreased 10 54% = 9.1%, 68% = 6.9% and 46.7% = 5.7% for
U251, T98 and NNS-10 (p < 0.05) (Fig. 3¢). The MSP and Pyro-
seqencing data of other glioma cell lines and primary glioma cells
were almost identical (data not shown). Taken together, this result
is consistent with the hypothesis that 5-aza-CdR mediated NY-
ESO-1 activation is a consequence of DNA demethylation.

Upregulation of HLA class 1 in glioma cells

Our microarray data (supplemental data and Discussion) indi-
cated that HLA class | molecules can be upregulated by ~3-fold
(Table SI1). Flow cytometric analysis confirmed that HLA class |
expression was significantly increased in the 5-aza-CdR-treated
glioma cells when compared to that in the untreated cells, indicat-
ing that 5-aza-CdR could affect the constitutive expression of
HLA class | antigens in gliomas. The representative data of U251
cells are shown in Figure da. Combined with the analyses on
the effect of 5-aza-CdR on NY-ESO-] expression, our study sug-
gests that 5-aza-CdR may have potential thermpeutic implications
in NY-ESO-1-specific immunotherapy for human gliomas.

Antigenicity of forcibly expressed NY-ESO-1 in glioma
cells by 5-aza-CdR

To evaluate the antigenicity of forcibly expressed NY-ESO-1,
HLA-A2-restricted NY-ESQ-1-specific CTL lines were generated,
and their cytotoxicity against 5-aza-CdR-treated glioma cells was
tested. Cytotoxic activity was observed only in Sa0S-2 osteosar-
coma cells (NY-ESO-1+ and HLA-A2) and 5-aza-CdR-treated
U251 glioma cells, depending on the E:T ratios (Fig. 4b). In con-
trast, untreated U251 cells and other glioma cells (NVY-ESO-1-neg-
ative and HLA-A2-negative) were resisiant to lysis, K562 cells
were included in order 1o assess the degree of the natural-killer ac-
tivity of the CTL cultures; this activity was found to be negligible,
Cold target inhibition assays demonstrated that cytoloxicity
against S-aza-CdR-treated U251 cells was specifically inhibited in
the presence of T2 A2 cells that were prepulsed with the cog
but not those that were prepulsed with an irrelevant peptide (Fig.
4¢), This indicated that CTL lines recognized the NY-ESO-1 pep-
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FiGuRe § - Therapeutic effects of the adoptive transfer of NY-ESO-1-specific CTLs and 5-aza-CdR treatment in the human glioma orthotopic
xenograft model. (@) RT-PCR for NY-ESO-1 in intracerebral glioma afier ip. injection of 5-aza-CdR. (b) Histopathological characteristics (hae-
matoxylin and eosin, magnification: 40) and tumaor volumes of animals treated with PBS i,r, (8 pulses from the day afier tumor inoculation)
and (2 pl) i1, 6 days after tumor inoculation (Group I), PBS i.p. (8 pulses) and NY-ESO-1-specific bulk CTLs (1 % 107 cells/fmouse in 2 pl)
i.t. (Group 1), S5-aza-CdR i.p. (0.2 mg/kg, 8 pulses) and PBS (2 plri,t. (Group I11), or 5-aza-CdR i.p. (0.2 mg/kg, 8 pulses) and NY-ESO-1-spe-
cific bulk CTLs (1 % 10° cells/mouse in 2 pl} i.t. (Group V). The mean tumor volume + SD in group is shown in the table. The schema of
brain coronal section shows the tumar (T), the injection site of CTL/PBS (arrow), and the magnified area (box). * p < 0.05 compared to other 3
treatment groups. (c) Kaplan-Meier survival curves of groups I-IV. The survival time of mice treated with 5-aza-CdR and NY-ESO-1-specific
CTlLs was significantly greater than that of mice in Groups I, Il and III (p = 0.0019, 0.0126 and 0.0132, respectively).

’Fi"a}o fluid when administered vig continuvous intravenous infu-

tides that were processed and presented. These results together
sion.” To evaluate whether NY-ESO-1 expression could be

indicated that the amount of 5-aza-CdR-induced NY-ESO-1 in gli-

oma cells was sufficient to render them sensitive to HLA-A2-re-
stricted NY-ESO-I-specific CTLs in virro.

Induction of NY-ESO-1 expression in imtracerebral glioma by
systemic administration of 5-aza-CdR

Previous evidence indicates that 5-aza-CdR can cross the BBB
effectively, maintaining cytotoxic concentrations in the cerebro-

induced in vivo after systemic delivery of 5-aza-CdR, we
employed NOD/SCID mice transplanted intracerebrally with
U251 glioma cells (NY-ESO-1 negative), After the mice were
injected i.p. with a 0.2 mg/kg dose of 5-aza-CdR at 12 hr intervals
for 4 days, the tumors were resected and subjected to RT-PCR
analysis Tor NY-ESO-1. The resulis demonstrated that NY-ESO-1
expression could be detected in intracerebral gliomas i.p. treated
with 5-aza-CdR (Fig. 5a).
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Growth suppression of glioblastoma xenografis after the adoprive
transfer of anti-NY-ESO-1 CTLs

Next, we addressed whether adoptively transferred NY-ESO-1-
specific CTLs posses cytoloxic activity against gliomas in which
NY-ESO-1 was induced in vive by 5-aza-CdR. In this model,
U251 wmor cells were mmaucucally melmr.od in the forebrain
of NOD/SCID animals. An i | injection of 5-aza-CdR
(or PBS) was initiated from the next day for 4 consecutive days sl
12-hr intervals, On day 6 after the umor inoculation, the mice
were treated by stereotactic delivery of either NY-ESO-1-specific
bulk CTLs or PBS. On day 21 afier the tumor inoculation, tumaor
volumes were evaluated in half of the animals. Tumor growth was
significantly delayed in the animals that were administered both 5-
aza-CdR (i.p) and CTLs (Group IV), whereas relatively larger
tumors were observed in the other 3 groups (Groups 1, I and 111,
p < 0.05) (Fig. 5b). In addition, we measured the survival of the
remaining half of the animals. The Kl%l:*Mﬂﬂ’ survival curves
of 4 groups are shown in Figure Sc survival time of mice
treated with 5-aza-CdR and NY-ESO-1-specific CTLs was signifi-
cantly greater than that of mice in Groups I, 1l and 1ll (p =
0.0019, 0.0126 and 0.0132, respectively). Interestingly, 5-aza-
CdR injection alone (Group III) exened a beneficial antitumor
effect in terms of tumor volumes and survival (p < 0.05 vs. Group
). As discussed later, the formation of enzyme-DNA adducts
mediated by p53 induction may account for the efficacy and toxic-
ity of 5-aza-CdR in vivo.

Discussion

The principal findings of this study are that in spite of relatively
low frequency of CTA expression in gliomas, the DNA demethy-
lating agent 5-aza-CdR remarkably induced the expression of
CTAs, including NY-ESO-1-one of the most immunogenic CTAs-
in glioma cells but not in normal human cells. The de novo
ex NY-ESO-1 was effectively recognized by the specific
CTL lines both in vitro and in glioma orthotopic xenografts.

Expression of CTAs in human gliomas

A German investigated the expression of 7 CTAs (SSX-
1, $SX-2, $SX-4, SCP-1, TS85, NY-ESO-1 and MAGE-3) in 50
gliomas by RT-PCR. They demonstrated that SCP-1 was most fre-
g positive (40%), followed by S5X-4 (27%) and MAGE-3
(7%). However, the expression r:}]mmy of CTAs in gliomas
remains unclear, particularly when focusing on different ethnic
groups. For example, NY-ESO-1 and LAGE-1 are expressed at
much lower frequencics in lung cancer in the Ja than in
Caucasians; NY-ESO-1 is expressed in 2% of the Japanese versus
17 or 20% in Caucasians, and LAGE-1 is expr:med in 9% of the
Japanese versus 33% expression in Caucasians.” Liu er al., have
reporied MAGE-1 expression in approximately 40% of glmblas-
toma cell lines and in established glioma cell I.mcs_,
including UB7MG, which is inconsistent with our results.”
Although the reasans for the inc y remain unclear, the dif-
ferences in ethnic groups and culmre cnndiliuns (e.g., passage and
confluency) might be responsible. Nevertheless, overall, we found
that gliomas have a very low frequency of CTA gene expression,
such as NY-ESO-1, indicating that brain tumors are considerably
unsuitable for CTA-based immunotherapy. To overcome this limi-
tation, novel CTA induction qual.egms are required to evoke strong
immune gl

&

CTA as rargets of demethylation

A cascade of biochemical events for gene silencing is triggered
by CpG island nwd:ylauon that involves DNA methyluransferase
activity, which in turn attracts histone deacetylases and histone
methylases that eventually modify histones into a silenced chro-
matin state.”® The agent 5-aza-CdR has been shown to interrupt
this silencing cascade effectively by binding covalently to DNA
methyltransferase and inhibiting its enzymatic activity. Numerous
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studies have shown Lhe ability of 5-aza-CdR to reactivate the tran-
scription of several tumor suppressor genes (i.e. pl6 and MGMT)
in human umors.”*** Previous evidence has clearly defined the
regulatory role of DNA methylation in the constitutive expression
of CTAs in melanomas and renal cell carcinomas and has demon-
strated r.hat in vitro treatment with 5-aza-CdR induces their
exp plastic cells. Therefore, CTAs are intriguing tar-
gzu for demﬂhyl;um Here, we studied a large | of CTAs
and showed that 5-aza-CdR reactivated the expression of a variety
of CTAs in human gliomas. This result is consistent with the
report of Liu ef al,, showing that 5-aza-CdR induced the mRNA
expression of MAGE-1."" Then, we determined whether 5-aza-
CdR-mediated NY-ESO-1 activation is a consequence of promoter
DNA methylation by using MSP and quantitative Pyrosequencing.
Although MSP is very sensilive and easy to use, it does not pro-
vide precise information about the methylation status of single
CpG sites. Recently, Pyrosequencing technology was developed
for the analysis of single-base variations. An indirect biolumino-
metric assay quantitatively measures the amount of le
{Ppl)malumlmedﬁmeﬂmputwdm h an
e.nzyrrum: cascade, the release is converted into a light signal that
is directly proportional to the amount of incorporated
appearing as peaks LanymgumEmploymgihumdmolugy.
we first showed that only a small region of the NY-ESO-1 CpG
island provides relevant information for differential methylation
analysis.

Expression profiling and gene ontology analysis after
5-aza-CdR treatment

To identify alterations in gene expression after 5-aza-CdR ureat-
ment, we conducted microarmay experiments {supplemmy
data). Once the analysis was completed, we narrowed down the
number of potential targets by selecting only those genes whose
expression changed more than 2-fold in 2 independent RNA prep-
arations. A total of 65 genes that fulfilled our criteria were upregu-
lated, and 24 genes were downregulated following S-aza-CdR
treatment (Table SII). To identify the biological processes signifi-
r.:u.mly m\rnlvad in the drug eﬂ'ecl. genes considered differentially

the d and control glioma cells were pro-

smd through the Gene Ontology (GO) program. The majority of
the differentially expressed genes were related to biological pro-
cess categorics such as apopiosis (programmed cell death), cell
proliferation, immune syﬂcm process and tissue development
(Table SIII). These categ GO terms d the fact that
DNA methylation is a&mcmcd with various bk.l]ogml epigenetic
processes, including cell differentiation, development and onco-
genic transformation. For the 11 upregulated genes underlined in
Supplementary Table SII, we confirmed the microarray data using
semiquantitative RT-PCR with the primers listed in Supplemen-
tary Table SIV on the same glioma cell line (U251) and 3 others
(AO2, T98 and SKMG1). As shown in Supplementary Figure 51,
we were able to show marked up-regulation of the tissue inhibitor
of metalloprotease (TIMP) gene, which has been found 1o be
silenced by aberrant promoter hypermethylation in other tumor
types,” thus validating our screening procedures. Interestingly,
p53, Gadd45, NF-xB and caspase 4 genes were activated by 5-
aza-CdR, although the dose of 5-aza-CdR in this sudy (1 uM) did
not affect the cell viability and morphology in glioma cells (data
not shown). Recently, Kim er al., attempted to identify genes
silenced epigenetically in malignant gliomas by using a compre-
hensive and intense microarray technigue coupled wadl the inhibi-
tion of DNA methylation and histone deacetylation.™ Although
they validated the reactivation of the MAGE genes in their
micoarmay screen, they mainly focused on novel targets harbouring
the CpG island promoter. In addition to the role of 5-aza-CdR in
the activation of epigenetically silenced genes, an impornant bio-
logical acumy of this agent is the formation of enzyme-DNA
adducts.”’ Karpf er al., reponed that the formation of covalent
enzyme-DNA adducts and cellular toxicity resulted frnm the acti-
vation of p53 as a cellular to DNA d:
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5-Aza-CdR as a potent immrn‘mufamr

Our mic y data (S ary data) and the flow cyto-
metric aml)ms !ihnwud that HLA class 1 expression was signifi-
cantly increased in the 5-aza-CdR-treated glioma cells. In addi-
tion, the efficient recognition of 5-aza-CdR-trested U251 glioma
cells by the HLA-A2 restricted NY-ESO-1 speci.ﬁc CTL lines
demonstrated that de novo synthesized NY-ESO-1 antigen is func-

NATSUME ET AL

phenotype of gliomas through the Blood-Brain-Barrier. This evi-
dence smmg!y ldnmﬁcs 5-aza-CdR as a potential pharmacologi-
cal agent in designi blishing new therapeutic strategics
in combination with C'I‘h-husnd immunotherapeutic approaches
for glioma patients.

tionally processed and presented. Thus, CTL-mediated lysis of gli- il
oma cells induced by S-aza-CdR appears o a direct con- The authors thank Mr. Shigeru Saito (Infocom Corporation,
sequence  of enic peptides derived from de move Tokyo, Japan) for bioinformatics assistance in Gene ¥
expressed NY-ESO-1 and loaded onto lated HLA class 1 analysis. They also thank Mr. Mitsuo Kihira (Division of Pathol-
molecules. Our in vivo study suggested that systemic administra- ~ ogy, Kariya Toyota General Hospital, Aichi, Japan) for assistance
tion of 5-aza-CdR may be useful in ng the CTA-nega in the histological study.
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A multicenter phase | clinical trial, namely, Integrated Japanese Multicenter Clinical Trial: A
Phase | Study of Interferon-p 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-p 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-H-111 elinical trinls — CNS

nitrosourea-based

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 1V) gliomas, which include anaplastic

with aggressive surgical reseclion,
chemotherapy and radiotherapy (2-4). A number of studies
by large cooperative groups have shown the benefits of
radiation thempy in doses up to 60 Gy after surgery for
improving overall survival and tme o progression (5)
In Japan, nitrosourea agents such as 1-(4-amino-2-methyl-5-
pyridiminyl)methyl-3-(2-chloroethyl)-3-nitrosourea  and

astrocytoma (AA), anaplastic oligodendroghoma (AQ),
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 fime span of a year after diagnosis despite treatment

Fur peprints and all comespondence: Toshihiko Wakabayashi, Departiment of
Neurosurgery. Nagoya University School of Medicme, Nagoya, lapan
F-mail: wakabatsimed magoys-n e jp

methyl-6-[3-(2-chloroethyl)-3-nitrosoureido]-6-deoxy-alpha-
v-glucopyranoside have been used 1o treat malignant gliomas
for a long time; however, this treatment offered Few clinical
benefits. Temozolomide (TMZ), an oral alkylating agent, has
been demonstrated 10 possess antitumor activity against
malignant gliomas, with minimal additional toxieity: 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 cerfified as the tremtment 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 firsi-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 benelits 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 malignani
gliomas and melanomas (7). In the treatment of malignant
gliomas, IFN-B can act as a drug sensilizer, enhancing
toxicily 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-B enhances chemosensitivity is the downregulation of
MGMT transeription via pSJ 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 1o evaluate the safety, feasibility and
preliminary clinical effectiveness of the combination of
IFN-B and TMZ, we are conducting a clinical study, namely,
Integrated Japanese Multicenter Clinical Trial: A Phase |
Siudy of Interferon-p and Temozolomide for Glioma in
Combination with Radiotherapy (INTEGRA swudy). This
study involves eight medical institutions, covering the entire
regianal papulation of Japan,

PROTOCOL DIGEST OF THE STUDY
Purmose

The main aim of this study 18 1o evaluote the safety, feasi-
bility and preliminary clinical effectiveness of IFN-g and
TMZ for the treatment of malignant gliomas

Stupy SErTm avp Protocor Review

This s 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 insttutional review boards of each of these
institutions

R-} CISTRATHON AND M{}thllklNl-

Participating investigators are instructed to send an eligibility
criteria report 1o the Data Center al Nagoya University,

which is a third party different from the study director. Ten
newly diagnosed and 10 recurrent patients are registered lor
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 1o the insti-
tutions. The data center will send high-quality data 1o the
study director Commitiees of salety 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.

ExnromnTs

The primary endpoint ig incidence of adverse events. The
secondary endpoints are progression-free survival time and
overnll survival time. In addition, ebjective tumor response
will be evaluated in a subpopulation of patients with measu-
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
ble and non Tumors.

Erwon iy Crivemia
The eligibility criteria are as follows:

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

(ii) No tumor recognized in the optic nerve, olfactory
nerve and pituitary gland on pretreatment MR

{iii) No dissemination detected by MRI. Age between 18
and 75 years al the ume of regisimtion
() Performance status is 01 2.3 only due to neurological
deficits
Sufficient organ function before chemotherapy accord-
ing 1o 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 I, serum
glutamic pyruvic transaminase < 100 I, creatinine
<1 5 myg/dl *50 ml/min and
electrocardiogram showing no serious arrhythmia and
no serious ischemic heart disease
(vi) No prior chemoradiotherapy for newly diagnosed
patients

iv

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

(viti) Written informed consent

Excrusion CRITERIA
The exclusion cnitenia are as follows:

synchronous double cancer or metachronous double
cancer in last 5 years: carcinoma in sitn accepted;

(11) meningitis or pneumonia;

{iii) pregnant, possibly pregnant, or nursing women;
(iv) mental disorder;

tv) uncontrolled diabetes mellitus (DM) or

treatment with insulin for DM;

(vi) myocardial infarction in last 3 months;
{vii) history of pulmonary fibrosis or interstitial pneumonia.

(i

under

TrEATMENT METHODS

FFor newly diagnosed patients:

Radiotherapy 60 Gy/30 fr, 2 Gy = 5 days/week:

IFN-B 3 MIU/body, administered intravenously on
alternate tinys during radiotherapy,
T™MZ 75 mg/(m* day), daily from the first day 10 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 adjuvam period

IEN-B 3 MILi/body, administered on the first day morning
every 4 weeks;
TMZ 150 mg/(m® day) (days 1 5: first cycle);

200 mg/tm*® day) (days 1 5: second 1o sixth cycle)

In the absence of hematologic toxicily, the dose is
increased to 200 mg/(m* day). beginning with the second
cyele 1o the sixth cycle.

This cycle is repeated six times every 28 days in the
absence of tumor progression, serious adverse events such
as prade 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);
TMZ 150 mg/tm® day) (days 1 -S: first eyele);

200 mg/tm” day) (days 1 5: second to sixth cycle)

In the absence of hematologic toxicity, the dose is
increased 1o 200 mg/{ m” day), beginning with the second
cycle to the sixth cycle

Jpn J Clin Oneol 2008, 38(10) 77

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, doge-limiting toxicity was not evaluated in this study.

Fouitow-ue avp Statismicat METhons

Disease progression and occurrence of new disease will be
examined by MRI performed a1 baseline and at least after
every 4- 5 weeks during treatment. Blood tests and symptom
checks will be carried out before treatment and a1 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 1o toxicity, clinicians would
follow-up patients until they recover from toxicity. In
addition, overall survival, progression-free survival and treat-
menl success curves are constructed as time-to-event plots
by the Kaplan-Meier method.
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PEHE R A{LEERELE LTRE LIVE Y, 282
)& ¥, FEsFehoFRbh s 7
FF T BHOMHRENS (BRI S Tw
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(2 BALEMIM ol 16~22 2 A, 54FE4SF
HIX15~20%FEE & ) L Lo, {bEsE L)
BRI e o0 (R RO FI i 2 3310 2 MBI e TR
Rid, BEREM 17~29%, RS X UEE
T3 4 %~36%, MIEESEHIR 23~47% L Hif s
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R ARG R D EEIRE D —DOTHAH Z LI
b ik,

VTAE O IHRTGI o Wi L 7- BRI IC B
WT, FHisHEREIEST (Elective nodal irradia-
tion : ENI) #4Ms+ 2 Z 12X h BEHEH 2
INLAERE AT A EIZE Y, RFEEOm
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RERBRIcBWT?, YATIFVEDMEVF
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EREECmE L. COBKERETIZFE 45 Gy
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KEYWORDS Summary To investigate the practice process of postoperative radiation therapy for non-
Non-small-cell lung small-cell lung cancer (NSCLC) in Japan. Between April 2002 and March 2004, the Patterns of
cancer; Care Study conducted an extramural audit survey for 76 of 556 institutions using a stratified
Postoperative two-stage cluster sampling. Data on treatment process of 627 patients with NSCLC who received
radiation therapy; radiation therapy were collected. Ninety-nine (16%) patients received postoperative radiation
Patterns of care therapy between 1999 and 2001 (median age, 65 years). Pathological stage was stage | in 8%,
study; 11 in 17%, |IIA in 44%, and 1B in 20%. The median field size was 9cm = 11¢m, and median total
Practice; dose was 50Gy. Photon energies of 6 MV or higher were used for 64 patients, whereas a cobalt-60
Survey; unit was used for five patients. Three-dimensional conformal treatment was used infrequently,
PORT meta-analysis Institutional stratification influenced several radiotherapy parameters such as photon energy

and planning target volume. Smaller non-academic institutions provided worse quality of care.
The study confirmed continuing variation in the practice of radiotherapy according te stratified
institutions. Outdated equipment such as Cobalt-60 units was used, especially in non-academic
institutions treating only a small number of patients per year.
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1. Introduction

Postoperative radiation therapy (PORT) decreases the risk
of local—regional recurrence in patients with resected non-
small-cell lung cancer (NSCLC) [1—3]. However, reduction in
the frequency of local recurrence has not translated into a
survival benefit in most studies. In 1998, the impact of PORT
for NSCLC was analyzed in a meta-analysis of phase lll tri-
als [4]. After publication of the PORT meta-analysis, which
emphasized deleterious effects in patients receiving PORT
for completely resected NO-1 cases, much of the clinical
focus on adjuvant therapy shifted to chemotherapy [5,6].
Thus, the role of PORT for patients at high risk for locore-
gional failure such as those with N2 disease remains unclear.
Adjuvant chemotherapy trials have often permitted use of
PORT as an option for patients with N2 disease [5,7]. One
clinical study reported promising results for combined PORT
and chemotherapy for patients with pathologic stage Il or
1lIA disease [8]. The results of these trials imply that PORT
delivered using modern radiotherapy techniques may poten-
tially provide a survival advantage for selected high-risk
patients.

The Patterns of Care Study (PCS) is a retrospective study
designed to investigate the national practice for cancer
patients during a specific period [9,10]. In April 2002, the
PCS started a nationwide survey for patients with NSCLC
treated with radiation therapy in Japan. In the present
report, we provide results of analyses focused on patients
who received PORT for NSCLC during the study period. The
objectives of this study were to reveal clinical practice
patterns regarding PORT after publication of the PORT meta-
analysis and to assess variation in clinical practice according
to stratified institutions.

2. Materials and methods

Between April 2002 and March 2004, the PCS conducted a
national survey of radiation therapy for patients with lung
cancer in Japan. The Japanese PCS developed an original
data format and performed an extramural audit survey for
76 of 556 institutions using a stratified two-stage cluster
sampling. Data collection consisted of two steps of ran-
dom sampling. Prior to random sampling, all institutions
were classified into one of four groups. Criteria for strat-
ification have been described elsewhere [10]. Briefly, the
PCS stratified Japanese institutions as follows: A1, academic
institutions such as university hospitals or national/regional
cancer center hospitals treating =430 patients per year;
A2, academic fnstitutions treating <430 patients; B1, non-
academic fnstitutions treating =130 patients per year; and
B2, <130 patients. The cut-off values in number of patients
treated per year between A1 and A2 institutions and B1
and B2 institutions, respectively, were increased from those
used in the previous PCS study because of the increase
in the number of patients treated by radiation therapy in
Japan [10]. Eligible patients had 1997 International Union
Against Cancer (UICC) stage |—Ill NSCLC that was treated
with PORT between 1999 and 2001, a Karmmofsky Perfor-
mance Status (KPS) >50 prior to start of treatment, and
no evidence of other malignancies within 5 years. The cur-
rent PCS collected specific information on 627 patients
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(A1:157, A2:117, B1:214, B2:139) who were treated with
radiation therapy between 1999 and 2001. Of those, 99 (16%)
patients (A1:15, A2:17, B1:45, B2:22) who received PORT
constitute the subjects of the present analysis. The prac-
tice of PORT was investigated by reviewing items in each
medical chart such as demographics, symptoms, history,
work-up examinations, pathology, clinical stage, treatment
course including radiation therapy, surgery and chemother-
apy, and radiotherapy parameters. In addition, simulation
films and linacgraphy of each patient were also reviewed by
surveyors.

The PCS surveyors consisted of 20 board-certified radi-
ation oncologists. For each institution, one radiation
oncologist visited and surveyed data by reviewing patient
charts. In order to validate the quality of collected data,
the PCS utilized an internet mailing-list among all survey-
ors. In situ real-time check and adjustment of data input
were available between each surveyor and the PCS commit-
tee. In tables, ""missing’’ indicates that the item in the data
format was left empty, whereas "‘unknown'' means that the
item in the format was completed with data "‘unknown'’.
We combined ''missing’’ and *‘unknown'’ in tables because
their meanings were the same in most cases; no valid data
were obtained in the given resources. Cases with missing or
unknown values were included when both the percentage
and significance value were calculated. Statistical signifi-
cance was tested by the * test. A p-value less than 0.05
was considered statistically significant. Overall survival was
assessed from the day of surgery and was estimated by
the Kaplan—Meier product limit method using the Statistical

. Analysis System, Version 6.12.

3. Results

3.1. Patient and tumor characteristics

Patient and clinical tumor characteristics are shown in
Table 1. Of the 99 patients who received PORT, 32 were
treated at academic institutions and 67 at non-academic
institutions. The proportion of patients with NSCLC who
received PORT was significantly higher in non-academic
institutions than in academic institutions (19% versus 12%,
p=0.013). Overall, median age was 65 years (range, 39-82),
and the male to female ratio was 4:1, Ninety-three percent
of patients had a KPS greater than or equal to 80%. Preop-
erative examinations included chest computed tomography
(CT) in 97% of patients, bronchoscopy in 87%, brain CT or
magnetic resonance imaging (MRI) in 75%, abdominal CT in
75%, bone scintigraphy in 83%, and mediastinoscopy in 4%.
The primary tumor site was the upper lobe in 62 patients,
middle lobe in 7, and lower lobe in 27. The remaining 2
patients had a primary tumor near the border of the upper
and middle lobes that involved both lobes, and they were
allocated to "‘others’’. Peripheral tumors were twice as
common as central tumors. When tumors were analyzed by
laterality, the ratio of right to left side primary site was 1.5.
Clinical T- and N-classifications were T1 in 28 patients, T2 in
35, T31in 24, T4in 11, and NO in 33, N1 in 19, N2 in 40, and
N3 in 6, resulting in clinical stage | in 27 patients, Il in 14,
IIIA in 41, and IIIB in 16. The numbers less than 99 are due
to missing or unknown data.



