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Fig.1
Kaplan-Meier cumulative survival plots for the pathological diagnosis in the malignant gliomas.
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Kaplan-Meier cumulative survival plots for the pathological diagnosis in the malignant gliomas. (3CBA3 & © —#{%)
Age < 60 ~Age = 60
e, @ censored case : glicblastoma 2 ] @ censored case : glioblastoma
F . B censored case : anaplastic astrocytoma ; ! B censored case : anaplastic astrocyloma
E b o
4 49
¢ 2
01 0
oot w3 0 80 e 0 B S 0 10 2 3 40 50 & W 8 20
Time {(Mons) Time (Mons)
Fig.3

Baseline cumulative survival plots and estimated cumulative survival plots for the chemotherapy in patients with
malignant gliomas. (CBR2 & H —EFEKE)
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Fig.4

Baseline cumulative survival plots and estimated cumulative survival plots for the chemotherapy with/without

hyperbaric oxygenation for malignant gilomas.
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High-dose conformal radiotherapy for supratentorial
malignant glioma: a historical comparison

Minoru Tanaka, Yasushi Ino, Keiichi Nakagawa, Masao Tago, Tomoki Todo

Summary

Background Although radiotherapy remains the main postoperative treatment for patients with malignant glioma,
modifications to regimens have not improved the poor outlook of patients with this disease. We aimed to investigate
whether high-dose conformal radiotherapy improves the survival of patients with supratentorial malignant glioma
compared with conventjonal radiotherapy.

Methods 29 patients with anaplastic astrocytoma and 61 patients with glioblastoma who received high-dose
conformal radiotherapy during 1990-2002 were compared with 34 patients with anaplastic astrocytoma and
60 patients with glioblastoma who received conventional 60 Gy radiotherapy during 1979-89. 77 of the 90 patients’
receiving high-dose radiotherapy were given 80 Gy; the remaining 13 patients, all with glioblastoma, received 90 Gy.
Radiotherapy was planned on the basis of images taken before surgery, and doses were delivered in 2 Gy per fraction
per day for 5 days a week. Hazard ratios for death were calculated with a Cox model, and were adjusted for age,
Karnofsky performance scale, tumour size, and extent of resection.

Findings Patients who received high-dose radiotherapy had significantly longer overall survival compared with those |

who received conventional radiotherapy (adjusted hazard ratio 0-30 [95% CI 0-12-0-76], p=0-011 for anaplastic
astrocytoma and 0-49 [0-28-0-87], p=0-014 for glioblastoma). Patients with anaplastic astrocytoma in the high-dose
group have not yet reached median survival; median survival in the conventional radiotherapy group was
22-3 months (95% CI 20-6-24-0). 5-year survival was 51-3% (29-2-73-4) for the high-dose group and 14-7%
(0-0-30-0) for the conventional group. Median survival in patients with glioblastoma was 162 months (12-8~19-6)
for the high-dose group and 12-4 months (10-0-14-8) for the conventional group. 2-year survival was 38-4%
(23-5-53-3) for the high-dose group and 11-4% {0-0-25-3) for the conventional group. Survival did not differ
between those that received 80 Gy radiotherapy and those that received 90 Gy (hazard ratio 0.94 [95% CI
0-42-2-12]). The higher frequency of radiation-induced white matter abnormality in the high-dose group compared
with the conventional radiotherapy group did not lead to increased disability.

Interpretation High-dose, standard-fractionated radiotherapy shows potential as the main postoperative treatment
for patients with supratentorial malignant glioma.

Introduction

Common treatment for newly diagnosed malignant
glioma is resection to the maximum extent possible,
followed by chemoradiotherapy.? Temozolomide has
become a standard chemotherapeutic agent in Europe,
Canada, and the USA** whereas use of nimustine has
been standard practice in Japan, despite the lack of defi-
nitive evidence.’

Malignant glioma cells are somewhat resistant to
radiation and are highly invasive to surrounding healthy
tissue.%” Recurrence after initial radiotherapy is inevi-
table; the most common pattern of recurrence is
regrowth at the primary location.* Undoubtedly, local
tumour control is important for improving the survival
of patients with malignant glioma.

Several reports®®® have suggested that survival of
patients with malignant glioma depends on the total
dose of the initial radiotherapy. An early report® showed
that patients who received a median of 75 Gy (range
70-80) had significantly longer survival than did those
who received a median of 50 Gy (50-55). A randomised
control study” showed that 60 Gy lengthened survival by

about 3 months compared with 45 Gy. However, a total
dose of 60 Gy is regarded the limiting dose for the brain
when delivered by the standard fractionation of 2 Gy per
day. Attempts to safely increase the total dose to beyond
70 Gy by use of hyperfractionation have not improved
survival.#

Use of stereotactic radiosurgery before conventional
radiotherapy did not improve the outcome of patients
with glioblastoma,” and accelerated radiotherapy, in
which 2-Gy fractions are given three times a day to a total
dose of 30-60 Gy, or 1-5-Gy fractions are given twice a
day to a total of 60 Gy, did not improve the outcome of
patients with malignant glioma compared with those
given conventionally fractionated radiotherapy.** These
results, and the assumption that radiotherapy doses of
higher than 60 Gy with standard fractionation would
significantly increase morbidity, have prevented neuro-
oncologists from using high-dose radiotherapy for
patients with glioma in large-scale studies.”

Technological advances such as three-dimensional
conformal radiotherapy have allowed minimum involve-
ment of surrounding healthy tissue. Resulis of several
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Conventional radiothel;épy g High-dose radid,therapy" . )
Glioblastorna Anaplastic Glioblastomna * .- Anaplastic. . - v " -
{n=60) ‘astrocytoma (n=34) (n=61) 7t dstrocytoma (n=29)
Age - RO S
Median (range), years 47(15-77) 41 (15-71) 55 (15-76) 46 (15-73)
<50 years 32 .25 25 19
=50 years 28 9 36 10
Sex. S B
. Women 24 13 21 7
36_ 21 . 40 22
22 15 20
38 19 41 21
43(13) 44(1-2) 46(16) 45(12)
<4cm 36 19 29 14
u om0
Frontal 2 16 21 15
Temporal 16 10 24 7
Parietal 14 2 8 3
Occipital 5 1 7 3
Thalamus 3 5 _ 1 1
<95% 39 17 35
21 17 26 o
e and vincristine 34 57
- Nimustine 18 3
=5 Carmustine 7 0
" None 1 1
 Repeat résection Bbece A
Yes 4 6
No 56 55
Salyage M S
Interferol 1 3
Cisplatin and interferon beta 1 1
. Intrathecal methotrexate 1 0 1
28

small-scale studies®? have suggested that high-dose
radiotherapy (70-90 Gy) is tolerated well in patients with
malignant glioma, and the frequency of cognitive
impairment or necrosis was not notably raised in
long-term survivors. Since 1990, we have been using
radiotherapy with a total dose of 80-90 Gy, given with
standard fractionation of 2 Gy per day, for all patients
with supratentorial malignant glioma. We aimed to
compare the outcomes of these patients with those who
received the conventional 60 Gy radiotherapy given
before 1990 at our institution.

Methods

Patients

We investigated 240 consecutive patients who had been
newly diagnosed with glioblastorma or anaplastic astro-
cytoma according to WHO classification at University of
Tokyo Hospital from 1979 to 2002, who met the inclusion
criteria. Patients were included if they had histopathologi-
cally confirmed glioblastoma or anaplastic astrocytoma,
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were at least 15 years old, and had a Karnofsky perfor-
mance scale of 60% or higher at the start of radiotherapy.
Patients were excluded if they had secondary glio-
blastoma, chronic renal failure, restrictive pulmonary
disease, or infratentorial or brainstem glioma (n=55), or
chronic heart failure (n=1; died 2 months after surgery).
All patients had maximum possible resection that avoided
neurological worsening. Of 94 patients that received
60 Gy radiotherapy (conventional radiotherapy), 87 had
craniotomy and seven had a biopsy; of the 90 patients that
received high-dose radiotherapy, 87 underwent cranio-
tomy and three had a biopsy before radiotherapy. The
proportion of tumour volume resected was calculated
from postoperative CT or MRI scan. With the exception of
seven patients who refused chemotherapy, all patients
received intravenous nimustine (Nidran®; Sankyo, Tokyo,
Japan) or carmustine (BiCNU®; Bristol-Myers Squibb,
New York, NY, USA) with or without vincristine
(Oncovin®; Nippon Kayaku, Tokyo, Japan) during radio-
therapy. All patients were assessed for the presence of
radiation-induced toxic effects at follow-up examination by
neurosurgeons. Written informed consent was obtained
from all patients and from a member of their family
before radiotherapy.

Radiotherapy

All treatments were planned on the basis of preoperative
images, and done with a standard fractionation of 2 Gy
per fraction per day for 5 days a week. Conventional
radiotherapy started 7-21 days after surgery, and high-
dose radiotherapy started 11-21 days after surgery. No
patient died before the start of radiotherapy.

From 1979 to 1989, 60 patients with glioblastoma and
34 patients with anaplastic astrocytoma received conven-
tional 60 Gy radiotherapy. Until 1984, patients received
external-beam radiotherapy of 40 Gy to the whole brain
followed by a local boost of 20 Gy (48 patients with
glioblastoma and 18 patients with anaplastic astrocytoma).
In 1984, a three-step cone-down technique was intro-
duced, which was used in the remaining 12 patients with
glioblastoma and 16 patients with anaplastic astrocytoma.
Gross tumour volume was defined as the contrast-
enhanced lesion depicted by contrast-enhancing CT scan
or Tl-weighted MRI (contrast-enhancing materials
manufactured by Schering AG, Betlin, Germany, or
Daiichi Pharmaceutical, Tokyo, Japan). Clinical target
volume I was defined as the tumour, II as the tumour
and surrounding oedema (high-intensity area on
T2-weighted MRI) plus a 2-cm margin,.and 1II as the
whole brain. Planning target volume was defined as
clinical target volume plus 0-5 c¢m for setup errors; thus,
the margin with a setup error for planning target volume
II was 2.5 cm. Planning target volume I1I was the whole
brain plus 0-5 cm. The doses for planning target volumes
I, 11, and IIT were 60 Gy, 40 Gy, and 26 Gy, respectively.

From 1990 to 2002, 90 patients received high-dose radio-
therapy with a total dose of 80 Gy or 90 Gy. Clinical target
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volumes were modified and defined as tumour (I},
tumour plus a 2-cm margin (II), and tumour and sur-
rounding oedema plus a 2-cm margin (III). Planning
target volume was defined as the clinical target volume
plus 0-5 cm for setup errors. All 29 patients with
anaplastic astrocytoma received 80 Gy radiotherapy: the
doses of planning target volumes were 80 Gy, 60 Gy, and
40 Gy. Initially, patients with glioblastoma received a total
of 90 Gy with planning target volumes of 90 Gy, 70 Gy,
and 50 Gy (n=13). Because one patient showed grade-4
memory impairment, the total dose was reduced to 80 Gy
for the subsequent 48 patients with glioblastoma, with
planning target volumes similar to those for anaplastic
astrocytoma. High-dose radiotherapy was done with the
rotational conformal method, which uses a combination
of coplanar gantry rotation and movement of a multileaf
collimator.®? The leaves were focused in two dimensions
to avoid penumbra and moved independently from each
other according to the gantry angles to create a dose
distribution confined to the target volume. The area
surrounding the target volume had a uniform gradient of
dose fall-off.

Treatment lasted for 6 weeks in the 60-Gy group,
8 weeks in the 80-Gy group, and 9 weeks in the 90-Gy
group. However, three patients in the 60-Gy group and
two patients in the 80-Gy group had a 1-week inter-
ruption, and one patient in the 60-Gy group had an
interruption of 2 weeks during treatment.

Follow-up

Follow-up CT or MRI scans were obtained at least every
4 months after radiotherapy; tumour progression and
white-matter abnormalities were diagnosed on the basis
of reports by neuroradiologists. Tumour progression
was defined in accordance with MacDonald criteria.”
Karnofsky performance scale was assessed for all
patients. White-matter abnormality was defined as radia-
tion necrosis, leucoencephalopathy, or brain atrophy.
A contrast-enhanced lesion that appeared after radio-

1 2-year overall survival, % (95% Cl)

Conventional (n=94)

High-dose (n=0)

Follo .

M;éian gr.aﬁge),Amonths A 77 (1:0-297:0)
Anaplasticastraeytoma
Overall su , months (median [55% C1J) 22:3(20:6-24.0)

Progression-free survival, months (median [95% C1])
5-year overall survival, % (95% Cl)

17-0 (12-8-21-2)
147 (0:0-300)
443 (233-649)

Gl ma e

" "Overall survival, months (median [95% C1]) 12:4(10:0-14-8)
90-Gy group NA
80-Gy group NA

* Progression-free survival, months (median [95% Cl) 7-2 (4-0-10-4)
90-Gy group NA
80-Gy group NA

* 2-yearsurvival, % (95% Cl) 11-4 (0-0-25-3)
90-Gy group NA

NA

155 (15-1830)

7 Not reached

37:5 (NC)
513 (29:2-73-4)
781 (61:0-952)

162 (12:8-19-6)

196 (13-3-259)
16.2 (12-6-19-8)
7.0 (50-9-8)
111 (3-0—19-2)
69 (55-83)
384 (23-5-533)
389 (85-69-3)

376 (204-548)

therapy on contrast-enhancing CT scan or T1-weighted
MRI was diagnosed as radiation necrosis if a biopsy or
resection sample showed a pathological diagnosis of
radiation necrosis or if no uptake of fluorine-18 fluoro-
deoxyglucose or L-methyl-carbon-11 methionine could
be seen on PET images.® PET has been done routinely
on patients who developed contrast-enhanced lesions
since 1990 at our institution.

Radiation-induced toxic effects were scored according
to the common terminology criteria for adverse events
(version 3.0).® Neurological symptoms that could not be
explained by tumours were regarded as radiation-
induced neurological deterioration.

Four independent neuropathologists reviewed the
tumour histopathology of patients who survived for more
than 20 months after radiotherapy to confirm the original
diagnoses of glioblastoma or anaplastic astrocytoma.
After tumour recutrence, patients were given further
treatment at the discretion of treating doctors.

p=0-00016

High-dose radiotherapy

Probability of overall survival
o
w
)

03
Conventional radiotherapy
02
01 1
0 T T 1
0 25 50 75

) Time since treatment (months)
Numbers at risk

High-dose 29 16 11 7
Conventional 34 8 4 1

B -

| p=0-024

High-dose radiotherapy
T Conventional radiotherapy
. 1
0 25 50
Time since treatment (months)

Numbers at risk
High-dose 61 13 2
Conventional 60 2 0

Figure 1: Kaplan-Meier estimates of overall survival according to radiation dose in patients with anaplastic astrocytoma (A) and glioblastorna (B)
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Figure 2: Kaplan-Meier estimates of progression-free survival according to radiation dose in patients with anaplastic astrocytoma (A) and glioblastoma (B)

Statistical analysis

Frequency distributions and summary statistics were
calculated for all clinical and histological variables. x*or
Fisher’s exact test were used for categorical variables, and
the Kruskal-Wallis test for categorical continuous
variables. Overall survival was calculated from the date of
operation untl the date of death or last follow-up, and
progression-free survival until the date when recurrence
was seen or until last follow-up. The Kaplan-Meier
method was applied for survival analyses, and significance
was calculated by the log-rank test. Cox’s proportional
hazard model was used to analyse prognostic variables
and to ascertain the risk factors associated with time of
onset of white-matter abnormality. Adjusted hazard ratios
for death were calculated by adjustment for age, Karnofsky
performance scale, tumour size, and extent of resection.
Univariate and multivariate Cox regression analysis (with
the entry cutoff level of p=0-05 and the stay cutoff of
p=0-1) were used to assess the association of variables
with survival or time to onset of white-matter abnormality.
All data analyses were done with Dr SPSS II version 11.01
for Windows.

Role of the funding source

The funding sources had no role in study design; in col-
lection, analysis, and interpretation of data; or in writing
of the report. The corresponding author had full access
to all data and had final responsibility for the decision to
submit for publication.

.

Results
Table 1 shows the patient and tumour characteristics.
The conventional group did not differ from the high-
dose group in any of the characteristics listed. Median
follow-up was 12-0 months overall {(range 1-0-297-0;
table 2).

Overall survival (figure 1), and 2-year and 5-year suz-
vival (table 2) were significantly improved in patients
with anaplastic astrocytoma who received high-dose
radiotherapy compared with those who received conven-
tional radiotherapy. Median survival has not yet been
reached in patients with anaplastic astrocytoma in the
high-dose group. The adjusted hazard ratio for death in
the high-dose group compared with the conventional
group for patients with anaplastic astrocytoma was
0-30 (95% CI 0-12-0-76, p=0-011). These resulis were
confirmed by sensitivity analysis that adjusted for the
follow-up ranges.

In patients with glioblastoma, overall survival
(figure 1), median survival, and 2-year survival (table 2)
were significantly higher in the high-dose group than in
the conventional group. The adjusted hazard ratio for
death in the high-dose group versus the conventional
group for patients with glioblastoma was 0-49 (95% CI
0:28-0.87, p=0-014).

However, the extra 10 Gy given to 13 of the
61 patients with glioblastoma who received high-dose
radiotherapy did not result in a significant survival
benefit compared with patients who received 80 Gy
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(p=0-89, table 2). The unadjusted hazard ratio for death
in patients with glioblastoma in the 90-Gy group
relative to the 80-Gy group was 0.94 (95% CI
0-42-2-12, p=0-89) and the adjusted ratio was 0-70
(0-31-1-61, p=0-70).

Kaplan-Meier analyses based on the type of chemo-
therapy received showed that median survival for
patients with anaplastic astrocytoma who received
high-dose radiotherapy was not yet reached for those
that received nimustine and vincristine, and was
40-6 months (95% CI not calculable because of small
number of patients) for those who received nimustine
alone (p=0-92). For the conventional radiotherapy
group, median survival was 21-9 months (95% CI
14.2-29.6) for those on nimustine and vincristine, and
27-1 months (19-4-34.8) for those on nimustine alone
(p=0-78). For patients with glioblastoma, median
survival in the high-dose group was 15-8 months
(13-4-18.2) for those on nimustine and vincristine,
and median survival has not yet been reached in
those receiving nimustine alone (p=0-29). In the
conventional radiotherapy group, median survival was
15-9 months (8-3-23-5) and 12-1 months (7-5-16-7),
respectively (p=0-24).

Progression-free survival was significantly lengthened
by high-dose radiotherapy compared with conventional
radiotherapy in patients with anaplastic astrocytoma, but
not in those with glioblastoma (figure 2, table 2).

Most recurrences occurred at the primary site in both
the conventional and 80-Gy groups (table 3). More local
recurrences accompanied dissemination in the cerebro-
spinal fluid space in the 80-Gy group than in the
60-Gy group (p=0-14), and this trend was most notable
in patients with anaplastic astrocytoma, although the
numbers are small (table 3). Only one of 12 patients
with anaplastic astrocytoma and none of 37 patients with
glioblastoma who had recurrent disease after receiving
80-Gy radiotherapy had tumour dissemination in the

cerebrospinal fluid space without local recurrence. By
contrast, dissemination without recurrence was more
frequent in patients with glioblastoma who received
90-Gy radiotherapy than in those who received 80 Gy
(p<0-0001) or 60 Gy (table 3).

Table 4 shows the frequency and types of radiation-
induced toxic effects recorded. The radiation-induced
toxic effects that resulted from high-dose radiotherapy
were generally tolerable. One patient who received
90-Gy radiotherapy developed grade-4 cognitive dys-
function and memory impairment, which led to
reduction of the total dose to 80 Gy for patients with
glioblastoma thereafter. None of these patients that
received 80-Gy radiotherapy showed grade-4 toxic
effects. White-matter abnormalities were significantly
more frequent in the high-dose group than in the
conventional group (p=0-0002, table 4). Nine patients
in the high-dose group developed radiation necroses,
compared with none in the 60-Gy group: five necroses
were confirmed pathologically from surgical samples
and four were diagnosed by PET. Four of these nine
patients showed no neurological deterioration and
maintained their active daily life after the diagnoses of
radiation mnecrosis. One patient showed tumour
recurrence 12 months after development of radiation
necrosis. Kaplan-Meier analyses showed that, com-
pared with the 60-Gy group, the median time to onset
of white matter abnormality was significantly shorter
for both the 80-Gy group (p=0-011) and the 90-Gy
group (p=0-0043). Cox analyses showed that lower
radiation dose was the only pretreatment clinical
variable analysed that lengthened time to onset of
white-matter abnormality (p=0-028).

5

* Repeat resection (yes vs no)

0-48(0-22-1.02)

P
. 0.067
- Age (<50 yearsvs =50 years) 0-51(0-32-0-80) 0.003
i Histology (anaplastic astrocytoma vs glioblastoma) 0-43 (0-27-0-70) 0-001
Karnofsky performance scale (80-100 vs 60-70) 0-28 (0-18-0-44) <0-0001
. Tumour diameter (<4 cmvs 24 cm) 0.64 (0-42-0-98) 0038
‘ Tumour location
Temporal vs frontal 1.14 (0-68-1-91) 061
Parietal vs frontal 122 (0-65-2:31) 052
Occipital vs frontal 0-96 (0-46-2-02) 092
. Thalamus vs frontal 2-06 (0-85-5-00) 011
 Extent of resection (=95% vs <<95%) 0.34(0-21-0-55) <0-0001
Chemotherapy (yes vs no} 0-81(0-33-1-99) 064
- Radiation dose {high dose vs 60 Gy) 0-49 (0-33-076) 0001
.+ Repeat resection (yes vs no) 0-39 (0-16~0-69) 0-003
- Salvage chemotherapy (yes vs no) 038
! Histology (anaplastic astrocytoma vs glioblastoma) - - <0-0001
1: Karnofsky performance scale (80-100 vs 60-70) 0-39(0-23-0-66) <0.0001
.+ Extent of resection (295% vs <95%) 0-41(0-24-0-72) 0-002
2 Radiation dose (high dose vs 60 Gy) 0-42 (0-26-0-68) <0.0001
7 Age (<50 years vs =50 years) 0-72 (0-43-1-23) 023
' Tumour diameter (<4 cm vs =4 cm) 0-95 (0-56~1-62) 0-86
0-055

' 'TgB'l’e'VS:VUn!\Y/a'r e 2

d multivariate analyses for favourable prognostic factors
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Univariate Cox analyses showed that seven of
11 clinical factors analysed were associated with
favourable prognosis: age younger than 50 years, ana-
plastic astrocytoma histology, Karnofsky performance
scale of at least 80%, tumour diameter of less than 4 cm,
tumour removal of at least 95%, radiation dose of
80 Gy or higher, and repeat resection (table 5). Step-
wise multivariate analyses showed that independent
factors associated with favourable prognosis were
histology of anaplastic astrocytoma, Karnofsky perfor-
mance scale of at least 80%, tumour resection of at least
95%, and radiation dose of 80 Gy or more (table 5).
Age of younger than 50 years was found to be an
independent favourable prognostic factor only for the
60-Gy group (hazard ratio 0.32 [95% CI 0-14-0-73],

=0-007) when the 60-Gy and high-dose groups were
analysed separately.

Discussion

Our results show that high-dose radiotherapy of
80-90 Gy delivered by a standard fractionation provides
a significant survival benefit over standard 60-Gy
radiotherapy for patients with supratentorial malignant
glioma, without notable increases in radiation-induced
disability. The efficacy of conventional radiotherapy of
more than 70 Gy for malignant glioma has never
been investigated in a multi-institutional randomised-
controlled study, because of the general assumption
that toxic effects to the brain induced by the radiation
dose would outweigh the advantages.® The two groups
compared in our study, both of which consisted of
consecutive eligible patients, did not vary significantly
from each other, with the exception of the radiotherapy
approaches, since radiotherapeutic techniques have
become more sophisticated over time. The survival
benefit was most evident in patients with anaplastic
astrocytoma. The survival results we recorded for high-
dose radiotherapy are comparable with the best
treatment ouicomes reported to date for anaplastic
astrocytoma.’*

Furthermore, median survival and 2-year survival
were higher for patients with glioblastoma who were
given high-dose radiotherapy than for those given
conventional radiotherapy. As expected,”* we noted
that radiation-induced white-matter abnormality
was significantly more frequent, and the time to
onset shorter, with high-dose radiotherapy than
with conventional radiotherapy; however, radiation
necroses were controllable by steroid administration or
surgery. The frequency of impairment to cognition or
memory was not significantly increased by the raised
dose, and high-dose radiotherapy was generally
tolerated well by patients with malignant glioma, which
ig in agreement with others’ findings.®* In support of
our findings, Shrieve and colleagues® showed that a
radiosurgical boost after conventional radiotherapy in
78 patients with glioblastoma resulted in median
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survival of 19-9 months (95% CI 18.2-23.0) in
patients with glioblastoma, even though 39 (50%)
patients needed reoperation and 20 (51%) patients who
had a reresection had radiation necrosis without
evidence of tumour. A concern remains that intensified
radiotherapy treatment could lead to long-term effects
on cognitive functions that seriously affect quality of
life, although this concern is yet to be investigated
through careful follow-up of long-term survivors.
A randomised trial* in patients newly diagnosed with
glioblastoma showed that use of temozolomide during
and after conventional radiotherapy improved median
survival from 12-1 months (11-2-13-0) in those given
radiotherapy alone to 14.6 months (13.2-16-8) in
those receiving radiotherapy with temozolomide. In
our study, use of nimustine-based chemotherapy did
not significantly affect prognosis. Potentially, con-
comitant chemotherapy with temozolomide could
further improve the survival benefit obtained by the
high-dose radiotherapy.

As to the mechanism of the favourable outcome with
high-dose radiotherapy: more patients in the high-dose
group than in the conventional group showed dis-
semination in the cerebrospinal-fluid space, with six of
ten patients with glioblastoma who recurred after 90 Gy
radiotherapy showing dissemination without local
failure, suggesting that tumour regrowth at the primary
site is suppressed more efficiently by high-dose
radiotherapy than by 60-Gy radiotherapy. Furthermore,
in support of our findings, Nakagawa and colleagues®
showed that 90 Gy radiotherapy in patients with
glioblastoma resulted in significantly fewer local failures
at the time of recurrence compared with the low-dose
radiotherapy group. The high rate of dissemination at
recurrence in the high-dose group seems paradoxical,
but it should be noted that time to. recurrence was
significantly longer for patients with anaplastic astrocy-
toma who received high-dose radiotherapy than for
those who received conventional radiotherapy. However,
because this finding was from a small number of
patients, it could be an artifact. Although many of the
patients in our study had extensive removal of the
tumour (295%), the survival benefit from high-dose
radiotherapy was also seen in patients that had less than
95% of the tumour removed when Kaplan-Meier
analyses were done separately for subtotal and partial
resection (data not shown). This finding suggests that
extensive tumour reduction is not needed for patients to
benefit from high-dose radiotherapy, whereas it is an
independent predictor of good prognosis. Patients with
glioblastoma who received high-dose radiotherapy had
longer overall: survival but similar progression-free
survival as did those who received conventional
radiotherapy, suggesting that recurrent lesions detected
by radiological images after high-dose radiotherapy
require longer to cause death than do those seen after
60 Gy radiotherapy.
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By contrast with our findings, Chan and co-workers?®
reported that a dose-escalation from 70-80 Gy to 90 Gy
did not change survival or patterns of local failure in
34 patients with malignant glioma. An important
feature of our high-dose conformal radiotherapy tech-
nique that might have affected outcome was that
treatments were planned with preoperative CT or MRI
scans, and treatments therefore did not take account of
the extent of tumour resection. Furthermore, the initial
planning target volume included the surrounding
oedema plus a 2-cm margin. Many radiotherapy
trials for malignant glioma have restricted their
planning target volumes to the contrast-enhanced
lesion plus a margin, because most patients who
receive treatment have local failure, and to lessen
radiation-induced toxic effects.##**  However,
glioma cells are known to migrate along myelinated
fibre tracts of the white matter and penetrate to
the so-called surrounding oedema depicted on CT or
MRI scans,” and proton magnetic-resonance spectro-
scopy has shown that malignant glioma can extend
beyond .the areas of T2-weighted signal changes on
MRL*® For these reasons and because high-dose
radiotherapy is tolerated well by patients with
malignant glioma, inclusion of the regions of
surrounding oedema plus a margin in the planning
target volume could be important to obtain good local
control.

Although new therapeutic approaches are being
developed, radiotherapy remains the main postoperative
treatment for malignant glioma. Our findings suggest
that high-dose conformal radiotherapy with standard
fractionation results in a significant lengthening of sur-
vival of patients with malignant glioma compared with
conventional 60 Gy radiotherapy, without significantly
increasing radiation-induced disabilities. If confirmed
in correctly powered phase III trials with appropriate
integration of systemic antitumour agents, 80 Gy con-
formal radiotherapy should be regarded as a standard
postoperative treatment for supratentorial malignant
glioma.
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75 & topoisomerase 11
EE -, p-tubulin
MGMT 1t

DNA I A~ v Fi8 |
X7 VA F FREBE

758 p53
Bel-27 73—
Bel-2, Bel-Xo
Bax
decoy receptors (DcR1, 2, 3)
c¢c—FLIP
IAP 7 7 3 V) — (survivin)

protein tyrosine kinase
EGFR(ZRE&®)
Her2

Akt

STATS3, 5

NF-«B

methotrexate

cisplatin, melphalan
anthracyclines, vinca alkaloids
doxorubicin, etoposide, VM -26

methotrexate

5—fluorouracil
ara—-C
6-MP, 6-~thioguanine

7 WV FVALA,
7 Vv L]
cisplatin

cisplatin

methotrexate
cyclophosphamide
ara—C

etoposide, vincristine

methotrexate
5~fluorouracil

CPT-11

etoposide, VM -26, doxorubicin
methotrexate

VM-1

vincristine

nitrosourea, procarbazine,
dacarbazine, temozolomide
temozolomide, cisplatin
cisplatin

RFC: reduced folate carrier, MRP: multidrug resistance protein, FPGS: folypolyglutamate syn-
thase, FAUMP: fluorodeoxyuridine monophosphate, ara~CTP: arabinosylcytidine 5’-triphosphate,
HGPRT: hypoxanthine-guanine phosphoribosyl transferase, GGH: y—glutamyl hydrolase, DHFR: -
dihydrofolate reductase, MGMT; O°~methylguanine—DNA methyltransferase. -
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PHEET A, ZHWEICESIRBINTYS
MRP1 i, BHY Yy ERIFCEER T L&
%, FEAMEBIE CTERREARER TV
A5, EM glioma CRAFEEERLFEINT
W5, ETFDNT Y RAR-I—TH
A MRP2 1% VCR % cisplatin @, 7z MRP3
ETO % MTX OHERIZ S LT3 E&E 2 b
nTna,

b. EFOREIL

FEHOBEW L 25 MRAST - FEICKEL
B oA 2 HET 2 HERED, WD
—@ & % %. Thiol glutathione (GSH) i cisplat-
in, carboplatin (CBDCA) % &0 75 5+ Rz
FeHEAELTRELEBRL, AELTHLEER
BNTVAY, EIZGSHHEAIZABC h 7 VAR
— ¥ —DEEL LY, WMREANTHESRE X
5. GSH #4113 glutathione—S—transferase
(GST)BEE 7 7 IV —IC X Wt s h, IS
GST-7 7% A4 FOFEHL cisplatinfifE & D
AR E N T WA, GST-r i3 glioma HiiE
CTHRBEFRD LN B, MEE & Fikcis
platin B L O—FH L -BHEIIA LN, T
LA2ESZOBEEL OMEFRD o2 7
5 F J RPEAI O AT AL 1Z metallothionein
(MT) L DERICL>THELBD, FOERE
ETOMENORENRF R TH 5.

FEANAHEERT O P TRITER cytochrome
P450 % CYP3A4 7 ¥'ix, %N ¥ cyclophos
phamide (CPM), CPT-11%° docetaxel, gefiti-
nib 2 e RAFHEEL, WMHEORERREL =BT L8
HoNTWAEY, EMgliomallBlT2ERHRIZ
LI R o TRV, IS ORAREEER
Wi E—IEE % (single nucleotide polymor-
phism: SNP) 2R3 b D9 H Y, SNPsD ¥ A

T L VBRI B OBESEL L BENH L

ZERHEOLPIRoTETEY, EHMLILEE
BETIIDATO—HEBELELTHEFESILTY
5,

M, A B EEEICERT ABENRZL
THPEEHMRPMET T 5. 5-FUIZBIT 5 di-
hydropyrimidine dehydrogenase (DPD) %> CPT-
11 12B81) 5 carboxylesterase (CE), %72 MTX
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OMIBPFEFE 2 RS ERY Z vy 3 Vgt
= filit3~ % folypolyglutamate synthetase (FPGS)
e BB DOEREIZA B,

c. FEFIEROZEL

PUBHIV BRI R RIETHIEN L 25
AL FIRREOE P EETFRENE LN
iE, TORAORERZHIIET 5. 5-FUDE
B Cd 5 thymidylate synthase (TS) 1%, HHHR
&% BT ETHHEAERT 5%, CPT-11 DFE M
TR EEY TH 5 SN-38 13, DNAEROEIZ
ZELRAA—N—TOA VHEERIZL { DNA
topoisomerase—I(topo-1) D8 % HEHTH
D, KBEHREER ED in vitro LB EERIE
BETIVT, topo-IHBR L NNVREEFERD
CPT-11 DREZHICHESE L TWwaH EHEINT
w59, DNABESIZHE U { EE % DNA topoi-
somerase—II (topo~II) iX, Dox % ETO DEH%
FTHY, CPT-11 L ARIT, topo-Tl DRHEE
DET R BEFEEIMEMRKETOINS DF
HNOMEEBEELTWASZ EATREBE N T
AW,

HIRL B R BHME © % microtubule i, a,
B EDtubulinY T L=y MROLBHEENT
BY, ZORYVI—BITRR) v —{tDF
453 v 2 RS, HIRBAZEC BT B e
RIEHE - S EEBRICNETH 5. Paclitaxel ®
docetaxel 72 £ ® taxane REXIR VCRE Lo ¥
YAT A AL FEIE, microtubule DR Y <
—LBREZEEL, TOFE, MEEHOME
DT ZILT AER % B D, Microtubule &
)< —{LONEHEILR tubulin 7 £ YV 5 4 7
DEBFLANNVOEIE, Zh b ORA~OTHE
AT AT LARENT VDY,

d. DNASEBERS

JEMIREIZ BT 5 DNABERROREEE, DNA
BEZFET HHEENICHT AT EE 2 EEN
WK LEENCY IHETIEEGRRTFEE 2
bha. DNABECEL, MIISEIEH»D
WIENPORK LT IR B, ZOW%
BiXEEOMEME, BE, MBROEE, BELREY
X ) —BTIZAR v, DNABEBRBICIZDT
DDDVDH 5.
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AEEE MGMT

TEPEE MGMT

DNA

O CHz_ CHz" Cl

N
Of-alkylguanine

Il
R-NH-C-N-CH,CH,Cl
1
NO

chloroethyl-nitrosourea

N N
a NH a
T

0 NH,

D;:[%kNF—CHf_CHmefkﬂ
N*mm o)wm

YrvV

CH, CH,

1 MGMT IZ & % ACNU 4D %-FHM Lk & v 518)
ACNU 2 ED= Vs L7HIIZ DNAD Y T = v 3ED 0°fL % 7 Vv % VAL L BGRRI R %
ST 5. MGMT RAME N7 VENVERBRET S Z &L TDNAZIERILT S1EA & b 2.

1) O°-methylguanine—DNA methyltrans-
ferase  MGMT/AGT) '
BCNURACNUZED= v YT L7 R

JEHIR, procarbazine (PCZ) % temozolomide

(TMZ) 7z 1%, F & LTHDNAF® guaniné
BEOOSEWMEERIZ, =R YILVTRT
WENER, PCZRTMZIZAFVERZMML,
O°-alkylguanine (AG) & % \» IZ O°~methylgua-
nine MG) 2T 5. 0°-AG I EIZHM 722
DNA $4® cytosine & AT THIEH 72 DNA
BB R TR T 5. O°-MG X DNABH O
|2 thymine & I A< v F %4 L, DNADOZEEN
FEINDL., MGMTIZHEMTO LD T IV
FLEZBHZL, DNAZIEFICET LRI
MGMT B HUEARELEN L BREETH Y,

f> DNABEMEE L B2 2 B2 AEL T
5(F1S, 20k AP, MGMTHE
BEAEITNE, = bV I L THRRTMZIAND
fitiAsdE LB EEZ 6N5. GliomaZ &H&
IS SR Ok E AV - EBR T, etk
» MGMT & 5 WIZFHHES ACNU iTHE
LICHBET A EBMEINTBYY, -
MGMT # &R L T\ 5 glioma Bl ci, 4

FICRHOBEBEREND 52, GliomaF
HHAEATIE 70 % DL 1 MGMT O ZEBLA MR &
nTHH?, B glioma (LFEEDHE—ERH
ThH= bRV T LTHIRERED T v 5 AU

RBBRIC 5\ T B AR AR R

N TMZP x5 2 HERE O EEZ —RIC
hhlE26N5 T MGMTEEF7UE
— ¥ —EBOAF L= bu Yy L TR
TMZ 8B~ O RIS AR S, ML
FRETFLERDL I EIRENTV S,

2) DNA I X7 v F&{E#1E (DNA

" mismatch repair: MMR)

MMR IZB8 5§ 5 BEFOHRT, FIZhMLHI
& hMSH21%, BEWIERY R— ¥ AUMKERE
(HNPCC) % L R BEEEE 4 2EREICE
WCEERICRELTWD Z 06T 5.
MMR i DNA BRI A U-BIEEI ATy
FERBLEBEETAERAZ LD, TOREKE
microsatellite instability (MSI) & % & 5.
MMR &%, 77 FFRIBHPLTMZ 2 £%
{ »DNABERYERCTT 5itEO—RF &
b2 ERERIICSRENTEY®, hMLHL %
hMSH2 D /K% hMLHI BiZF 70T — ¥ —

—341—



464 | AR ERdk 63 % WSO (2009)

SEIF D A F VAb.& cisplatin DO BEI R E &
NTWwaBY, 2RO 75 FFRIVERTDH
% oxaliplatin [ZX3 AEHIZA LTV 22w,
DNABEBIE MMRARERT A LIZLAET
R b — ¥ AREBEOE.R{LL, MMRIZ X % DNA
BEIRZELETHRYEINS Z L THIH
DNASDYMIAEL % & & & &9 MMRAFFE
TR ABRMBETE & INTBY, FoRM
WX D TESE T AMREENZZ b TS,
Dox 7 & ® topo—-IERPUEH] b, MMRIGFED
FEHC X ) iFEAAE L A®, Glioma % & T fifE
BT, NEBIZ B E RAES T—#IC MMR
RIBL MSI OB % L, RAEM glioma
T RBELREICE ) MMRE H @ MLHL %
MSH2 D F 375 8 B LA EDFEFI T60% LA LD
JEEHBIZIREE b 2 eV HEEI N TN S,
HERBITD, 13& AL DERTMLHL, MSH2,
MSH6 DOFH A5 Western blot 12 THH S ™,
glioma IZ81}5 MMR K%k & TMZ < cisplatin
it & OBEEICOWTIE, SHROFEL AW
WILBETH 5.

3) XYL #F NgHEBHE (nucleotide

excision repair: NER)

B R & 2 AR ERIE RIS 2055 18
%, ThbbREBHR L CHBA# % DNA
HEIENERICEVBEENS. NERIL, I

7T F T REUEFIC X 5 DNAGEDEE 5
BERBELEZ ONTWAS. NEREBEOKRINC
& D cisplatin 123 L TCHEREZ® L %), NER
EHErEESEL L, BEEEORZEWEICR S
T EARENAY, NERBEICEIA R LD 17
BIEOEANEE L TWAD, FICERBEREZ
HETHEF L LT, excision repair cross—
complementing 1 protein (ERCC1) BEE L 21
Twhb, ERCC1ZEHIT 2EMA Tl cis-
platiniED D b, 7z, JIERE, BiE, 3
NIRRT A 77 F FRIUER & 7z
{LEREIIB VT, REARES & ERCC1D
ERAOMICHAEARD bR TV, FLY
NER D EEFETH 5 xeroderma pigmentosum
group AXPA) D& FEIH D cisplatin i ¥ & BEE
WA LT B,
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e. MIAEBEETRE—22

AR, RSB MR O 4 FHF ICBE T 5
STFEMFHMESREBRICREL, Loz
RIREHI M EBER T2z, {bFBEEADOK
ISEICES T A BRIETFHIHOP L 2o TE
(E2). #idoIs <, FRARRICEELT,
FE R R 2 AR R B B AZ IR R SE AR & h
B0, ZOFRBICRSEET HOMVERIE TR
DEETEEIRBENTYS TP53 EIZFT
Hb. TP BIEZFERIT gliomalZBWTHH
FHOE L DEEEARTEREC b 3
EnbZ s, glioma BROMBOEETR
BTHHEEZOLNRTEY, RIBEREOSV
WHO grade IV DB (glioblastoma: GBM)
DHTIHEBEEREOHEN KT L CHEET 5
‘secondary GBM' IZEHE THRD b NLTW5H?,
DNABEIZ X Y ATM, ATR, DNA-PK 2 &D
E¥ED kinase ANEEAL SN, £ OREE TP53 #
ZFEY O p53 EEVEEN, BENICEE
BNA. pb3 DEEIFEWREIC X ) B EIL
2595 p21™, GADD45 R EDEHR, T
BRI —Y 2259 5 Bax, Noxa, TRAIL-R2
(DR5), Fas, AIP17%: EOEBEHABOREIFHE
SNBD, L LORBPEIICR S P IEEL
HRERIZE ) —ETER. IRE TOERE
Fh 5, p53 DHEREREE 13 FHNM = pb3 IKF
MR DOFEREEL 20T LELONT
W5, & ZA%, 5-FU, cisplatin, CPT-11,
paclitaxel 7z &% IV 7= BEIRRR TI3, p53 B
RS R TR E OMBERLTLLRD S
NTBLT, SERETORMNR GEBY¥ TP53
BETFRECRRTZ) LBEETFREROMHE
X455 72 TP53 genotype & DEHE R EB—R &
DRFDH 5. GliomalKBWTh, FAR ps3
O glioma Mifg T LEBERBERRIF & §
HIEONDH B -, TPS3EETFEEILXGBM
EFDOFH L HEIA LNV E T ILIHED R,
p53 S Yuta M o anaplastic astrocytoma (AA)
TFROEERALNIZETARED 2 &, —
EDORBIH/B LN TV W,

AEOBEEEEZTFD—>o & 15 BRCAL b,
E4%12 DNAYGED sensor & LT DOXEEEAEH
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growth factor

plasma

death

receptor
tyrosine EGFR, Her2
kinase

p21, GADD45

........ <

2 TR REE - T 22 T FIVEERE

receptor

onnanrsnas []F

DISC

FUgH IS 2 RET AT REL S 2MBAST - ¥ 7 FVvERT. —  RE - TE,
-~ Wl - FEEET. L, AXBROI L.

Casp3: caspase—3, Casp7: caspase—7, Casp8: caspase—8, Casp9: caspase-9, Cytc:
cytochrome ¢, DISC: death—inducing signaling complex.

ENTw5b. BRCALIFEE~ 72 DNABEREIC
B LTWw AT REISRENTEY, MMRE
HEBEERERRT S L HMES N0,
glioma BT ABERICOWTIHHL»TIA %R
™ ,
f. 7Rb—D ZHIEHRAF
IbFBEORBEEFEEMBEIERI Y5
ZEiZHBH I Lhn, M, RIEKNTH
BENE TR — T ZADHIHEETF G
WCEELRRE T RLTHRBEREZIOND. T
BN RAOMBR Y 7 F VR, FE LT
IbavRYTEAL, Bd-2773U—-&H
HEET AANEEREBE L, death receptor 75
DEHEN caspase IHEILE b 72 O A MR
D 2R D B (M 2). BIHE L LHREE
PR X D iERIESh, Bel-277 3V —&
HICLAHHOT, I ba Yy FUTHLEDcy-

tochrome c Dt & & % 1T caspase—9, Apafl,
dATP & D41k (apoptosome) ST S, T
WO effector caspase 2WEMAL E 1L 5. Bel-2 7
7 3 ) —EHOLFEEEONEN DR BIINE S
BICARONTETBY, ~RICTRI—V X
PEIER % b 2 Bal-2, Bel-X R REERAT D
D Bax DFERL ANV E, {EFERRICLDLTH T
—VAFELFENETNA L EOMBED in vi-
tro CHRDLNTWA, EZ A, BRIETE
ZOHRE—EDERERLTBELY, €O~
Re LCEET 5% b0 X Y —BHOKE
EEHE N TS, FRETF L LTOBRRKRES
FIZE Bel-2 7 73V =45 FOSBEN R BHRE
WrBLEEEZEZOLND.
AEERECRMEEETICERAL TV S
Fas(CD95), TRAIL-R1(DR4), TRAIL-R2(DR5)
7 ¥ @ TNF receptor 7 7 I VJ — L SN 3
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‘death receptor’ * 5, N ENligand TH 5
FasL % TRAIL(Apo2L) & DA & Y HHFEFE
3T FVARENAE L, EIZFADD 24 LT
caspase T& % caspase-8 ANEMALE N, B
%t X T D caspase—3 7z & D effector caspase 7¥
EHAL SN, S EERER & AEMEER ORI
iXBcl-277 IV —®Bid %M LA TR b=
Z2HEEL, TRIN—=VADY I FIVHBERE
nas.

WE, LR HREHRIEEIC L S ieEE
RAREREEZALELS EEZONTHY,
BN M Baah R & 583 5 4L R R,
death receptor %R & § L IBFIIIERDERE
O EE N4 NA LB LFHROEEEL LT
HEishTtws, EE, gliomafifgioxL T
cisplatin % ETO & W ¥21 TRAIL O Bf FgE 13
MFEWICTR =V A2HFEL, WHRHEE
BBEERT I EIRENTVDHY, '

CDEILTRIN—VADVTFIVREEH
ETLRTPFELEL, MBRFEIHFICETT
HMEOERICZVELEEZLNTWA.

" Death receptor XV T, BAWICEDOIER
% % 72 53 decoy receptor #® DcR1, DcR2,
DcR37H 5. MRRENOEF & L Tid, FADD
DUV THET S c-FLIPAH D, in vitro T
3F OB LY death receptor FARD 7K b
—VAPHEINEZ LARINTNSHY, R
REDBRIZOWTIRELETARBEPTDI
TWwivy, Caspase DUV THOHEZEH D
ZIAP7 72V —EHAT, c-IAP1, c-IAP2,
XIAP, survivin 2%& N 5. HFIC survivin 135
COBETERAITREBINTE DY, B
survivin DIEFH & LEBEAO R ER 7
EORIFAABSEHBRMIETOIHMESINTED,
BELRFRERET L 2ATBREINRBEINT NS,

g EBRVTFI

F-1 ¥ v %+ —E (protein tyrosine kinase:
PTK) i glioma % &% { DEETHEMELL D
LT EETFREENRDLNTBY, 7HRM—
VAR BV R OO RAM I ER
LREE R/ -TEEZLLNLY. E glioma T
BHEEICERETHIESCHES, SREAFADL
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N5 EGFR%, HFICHABTERANALNS
Her2 (ErbB2/New) X EHIRMEOFER & 25 Z
ERBMEENTVAS, EE D Idglioma THRD
BHEEICHRD b5 EEA EGFR(EGFRVIII,

AEGFR) DFEHIC LY, TR b=V AH5FT
5 Bel-Xu DEBEMPTLEL, EAMWHE 25
ZERHE LY. PTKIZGTREGEEONER
ELTHEBENTED, EGFRIZNT 5/M0F
FHEH gefitinib (Iressa®) ° Her2 12595 b

AEHLAE trastuzumab (Herceptin®) 13 BEIC R AYE

THENENMRECFEIN L TREIT STy
A.

EHL L7 PTK O T CEE %4 F 1 phos-
phatidylinositol 3-kinase (PI3K) & Akt T® 5.
ZEREPTKIC X ) PBRK NEHLE N, Z0f
B Akt 2% VB b % 2T TEMEALT 5. Akt Bel
-27 7 3 Y —® Bad ¥ Bcl-X;, caspase-9%
NF-xB, mTOR, FE!ZiZ p53 iHHICH/ER LT
TRI—VAER 2 RETSH. GBM THERE
RSk - ZBEFED HNEPTEN®IE, AktD
L EETAERZETAZ LG, B
glioma Ti3 Akt IEEDTLEL TWDBHDLER
b, PISK/Akt R OFEELIZ L Y {LEHE
BEEE 2 0%, BICEFOYTFVEHET S
CETHENRIBIAZEPRENTEY,

CORBOMBEADL, FHOBEREL LT

INTWa.

" PTKOTHRTEE LTJAKF S —EIZL B
YEBALTEM LS LB STATEH, 412 STATS,
STATS i3, £ < OWEIE CIEENREELIRS
NTWwaE LB, BHIZBT L TEERER
F & LTBcl-X, survivinz ¥OEERT5 2
ENFHEEINTWE, TR NV AEREAE
L, ZOFEE - EHEEIICEERERSEICH
THILEDPREINTEY, SHBEERENLELT
BRI T THAHH®,

BERT O NF-«B 2R EfEm & 7
R —V 2AMEHER 2B T RBEHERFTH
DO TRV AHFTHBIAPEH, c-
FLIP, Bcl-2, Bcl-Xi % EOEEZRETSH
LML NTwWA, —7F, cisplatin® 5-FU 72
EHAx OPIERIASNF-£B 2iEHLT 5 2 L2t



