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Glioblastoma is a highly vascular tumor that expresses vascular endothelial growth factor, a
key regulator of angiogenesis and tumor blood vessel permeability. Bevacizumab is a mono-
clonal antibody that inhibits vascular endothelial growth factor and the growth of gliomas.
Bevacizumab monotherapy has proven effective for recurrent glioblastoma, and it extended
progression-free survival and improved patient quality of life in various clinical trials. Some
patients who receive bevacizumab experience improvements in neurological symptoms and
steroid dose reductions. Bevacizumab induces a dramatic and rapid radiological response,
but non-enhancing lesions are often detected on magnetic resonance imaging without enhan-
cing lesions. Rebound phenomena such as rapid tumor regrowth are occasionally observed
after the discontinuation of bevacizumab therapy. Therefore, Response Assessment in
Neuro-Oncology criteria were recently devised to evaluate the efficacy and radiological re-
sponse of bevacizumab treatment. Hypertension and proteinuria are characteristic adverse
events associated with bevacizumab therapy. In addition, many fatal adverse events such as
intracranial hemorrhage and venous thromboembolism are reported in patients treated with
bevacizumab. However, these events are also associated with glioma itself, and careful atten-
tion needs to be paid to these events. Bevacizumab is used to treat various diseases includ-
ing radiation necrosis and recurrent brain tumors such as brain metastases, schwannoma
and meningioma, but additional clinical trials are necessary. The efficacy and current prob-
lems associated with bevacizumab in the treatment of glioblastoma and other brain tumors
are reviewed.

Key words: bevacizumab — glioblastoma — glioma — brain metastases — rebound

INTRODUCTION

Glioblastoma (GBM), the most common malignant brain
tumor, is associated with a survival time of 1-2 years. The
standard therapy for a newly diagnosed GBM is maximum
resection in patients without neurological deficits and radio-
therapy (RT) plus the alkylating agent temozolomide
(TMZ) (1). GBM 1is a highly vascular tumor, and an alterna-
tive therapeutic approach that inhibits angiogenesis is
expected to inhibit the growth of GBM.

Vascular endothelial growth factor (VEGF), a key regula-
tor of angiogenesis, is highly expressed in GBM (2—4). The

expression of VEGF correlates with the grade of gliomas
(5), and VEGF expression is also observed in meningioma
and brain metastases (3). The molecular bases for the upre-
gulation of VEGF gene expression in gliomas are as follows:
(1) hypoxia or the hypoxia inducible factor (HIF)-related
mechanism, (ii) epidermal growth factor receptor signaling,
(iii) upregulation of the Forkhead box M1B (FoxM1B) tran-
scription factor in GBM but not in low-grade glioma, which
stimulates VEGF expression independently of HIF and (iv)
upregulation of HuR, a member of the Elav family of
RNA-binding proteins, in GBM, which suppresses the post-

© The Author 2013. Published by Oxford University Press. All rights reserved.
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transcriptional degradation of VEGF mRNA under hypoxia
(6). VEGF signaling regulates angiogenesis and tumor blood
vessel permeability, which promote endothelial cell prolifer-
ation, survival and migration and cerebral edema (6).

Monoclonal antibodies against VEGF have been demon-
strated to inhibit the growth of GBM xenografts in an in vivo
mouse model (7,8). Bevacizumab (Avastin®), a monoclonal
antibody that inhibits the VEGF, is currently approved for
metastatic colorectal, non-small-cell lung, breast, ovarian
and renal cancers. Based on the results of many clinical
trials of bevacizumab for the treatment of GBM, bevacizu-
mab is currently recognized as a second-line chemotherapeu-
tic agent for GBM. The application of bevacizumab for
recurrent GBM is also described in the National
Comprehensive Cancer Network guideline (9), and it has
been approved in more than 41 countries. This article
reviews the efficacy and current problems of bevacizumab
therapy against GBM and other brain tumors.

RECURRENT GBM

Bevacizumab is a standard therapeutic agent for recurrent
GBM or WHO grade Il malignant gliomas after treatment
with RT plus TMZ, and no other effective therapy is avail-
able. Single-agent bevacizumab after the failure of initial
treatment with mainly TMZ for malignant gliomas has a
reported objective response rate (ORR), progression-free sur-
vival (PFS), 6-month PFS rate and overall survival (OS) of
20.9-42.6%, 1.0—4.2 months, 20.9—42.6% and 7.1-12
months, respectively, as calculated from the initiation of bev-
acizumab treatment (10—14) (Table 1).

Bevacizumab alone or in combination with irinotecan was
similarly effective for recurrent GBM in the BRAIN study
(11). The PFS times were 4.2 and 5.6 months in the bevaci-
zumab alone (n = 85) and bevacizumab plus irinotecan
(n = 87) groups, respectively, and the OS times were 9.2 and
8.7 months, respectively, in the two groups. The 6-month
PFS rates for bevacizumab alone and bevacizumab plus iri-
notecan were 42.6 and 50.3%, respectively, and the ORRs
were 28.2 and 37.8%, respectively, for the two treatments.
Based on these results, the US Food and Drug

Table 1. Efficacy of single-agent bevacizumab for malignant gliomas

Study ORR (%) PFS  G6-month 08 from
PFS rate (%)  bevacizumab

BRAIN, 2009 282 42 426 92

7022506, 2012 276 33 339 10.5

Kreisl, 2009 35 37 29 7.1

Chamberlain, 2010 42 10 42 85

Kreisl, 2010 43 29 209 12

ORR; overall response rate, PFS; progression-free survival, OS; overall
survival.

Administration (FDA) first granted bevacizomab accelerated
approval for the freatment of recurrent GBM in 2009 (15).

The JO22506 study in Japan also revealed that
single-agent bevacizumab was effective for recurrent malig-
nant gliomas (n = 31) (14). The PFS and OS were 3.3 and
10.5 months, respectively, for this treatment. Additionally,
the 6-month PFS rate, ORR and disease control rate were
33.9, 27.6, and 79.3%, respectively, and these findings were
comparable with those of the BRAIN study. Approximately
70% of patients who received corticosteroids before treat-
ment were able to reduce their dose or discontinue cortico-
steroid therapy after bevacizumab treatment, and >70% of
patients displayed a lower tumor volume on magnetic reson-
ance imaging (MRI) 6 weeks after freatment in this study.

Combination therapy of bevacizumab and irinotecan
(11,12,16—18), carboplatin (19—21), erlotinib (22), etoposide
(23) and dose-intense daily TMZ (24,25) for malignant
gliomas was reported, and the treatment results were similar
to that of single-agent bevacizamab therapy.

Generally, the 6-month PFS rate and OS of recurrent
GBM are 10—-20% and ~6 months, respectively (26—28).
Thus, single-agent bevacizumab has become the most
promising second-line agent for recurrent GBM in adult.
However, there are a few reports about the use of bevacizu-
mab to treat recurrent pediatric high-grade gliomas or brain-
stem gliomas, and the radiological response rate, response
duration and survival of children appeared to be inferior to
those of adult cases (29-32).

Marked decreases in enhancing lesions and surrounding
cerebral edema have been observed after the initiation of
therapy, and patients exhibited improvements in clinical
symptoms. Approximately 30—70% of patients who received
bevacizumab could reduce their steroid doses (14,33).
Steroids have been used to treat patients with brain tumors to
contro!l brain edema, and bevacizumab is occasionally con-
sidered an ‘expensive super steroid’. Thus, patients treated
with bevacizumab display improved quality of life due to
improvements in clinical symptoms and reductions of steroid
doses, even if for a short time.

Wong et al. performed a meta-analysis of bevacizumab
for recurrent GBM in 548 patients from 15 studies and
reported that the 6-month PFS rate and OS were 45% and
9.3 months, respectively. The treatment doses of bevacizu-
mab in most clinical frials were 10 mg/kg every 2 weeks, but
they reported no difference in the bevacizumab dose re-
sponse benefit between doses of 5 mg/kg and 10—15 mg/kg
(34). The efficacy of superselective intra-arterial cerebral in-
fusion of bevacizumab fo increase the local concentration of
the drug around the tumor has been reported (35).

MRI FINDINGS AFTER BEVACIZUMAB
TREATMENT

Bevacizomab exhibited a dramatic and rapid reducing effect
on enhancing lesions on MRI (36,37), and >70% patients
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displayed smaller enhancing lesions 6 weeks after the initi-
ation of treatment (14). However, this effect is not caused by
the antitumor effect of bevacizamab, but is attributable to the
normalization of abnormally permeable tumor vessels or re-
gional cerebral blood volume (38). Non-enhancing lesions on
T2 or fluid-attenuated inversion recovery MRI are often
detected without enhancing lesions, which are indicative of
progressive infiltrative tumors. Iwamoto et al. reported that
46% of patients had larger enhancing lesions at the initial
tumor site, 16% had a new enhancing lesion outside the
initial site, and 35% had progression of predominantly non-
enhancing tumors at the time of bevacizumab discontinuation
for recurrent GBM (36).

The Macdonald criteria have been used for response assess-
ment in glioma (39). These criteria are based on the two-
dimensional WHO response criteria, and they use the
enhancing tumor area on computed tomography (CT) or MRI
as the primary measure while considering the use of steroids
and changes in the neurologic status. However, these criteria
cannot evaluate the enlargement of the non-enhancing area
upon bevacizumab treatment or a pseudoresponse, which is
often visnalized as a transient increase in the enhancing lesion
in patients receiving TMZ treatment. Thus, the Response
Assessment in Neuro-Oncology Working Group developed
new standardized response criteria for clinical trials of brain
tumor treatment to evaluate the clinical response to recent treat-
ment including antiangiogenic therapy (40).

REBOUND PHENOMENON AND
BEVACIZUMAB CONTINUATION BEYOND
PROGRESSION

No effective agent other than TMZ or bevacizumab is avail-
able to treat malignant gliomas, and TMZ or bevacizumab
therapy, with or without other chemotherapeutic agents, often
continues after progressive disease (PD) is observed.
Increased doses of TMZ were reported to be beneficial for
some patients (41—44). It is unclear whether continued beva-
cizumab treatment is effective in patients after PD is detected.

Two large observation studies showed that bevacizumab
continuation beyond the initial diagnosis of PD improved the
OS of patients with metastatic colorectal cancer (45,46). In
the BRITE study, patients with metastatic colorectal cancer
receiving first-line bevacizumab with or without chemother-
apy received further treatment after the first observation of
PD as directed by a physician, and they were observed there-
after. The OS times beyond the first instance of PD for the
no post-PD treatment (n = 253), post-PD treatment without
bevacizumab (n = 531) and post-PD treatment with bevaci-
zumab (n = 642) groups were 12.6, 19.9 and 31.8 months,
respectively. Multivariate analyses demonstrated that the
continuation of bevacizumab therapy was strongly and inde-
pendently associated with improved survival after PD
[hazard ratio (HR) = 0.48, P < 0.001] (45). Similar results
were obtained in the ARIES study (46).
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Reardon et al. analyzed the outcomes of patients who
received subsequent therapy after PD to evaluate the efficacy
of bevacizumab regimens against recurrent GBM in five
studies (47). In the studies, bevacizumab was used in com-
bination with irinotecan, daily TMZ, etoposide, bortezomib
and erlotinib. The OS times of patients in the no post-PD
treatment (n = 41), post-PD treatment without bevacizumab
(n = 44) and post-PD ftreatment with bevacizumab (n = 55)
groups were 1.5, 4.0 and 5.9 months, respectively (HR =
0.64, P = 0.04). The PFS times of patients in the post-PD
treatment without bevacizumab (r» = 44) and post-PD treat-
ment with bevacizumab (n = 55) groups were 1.6 and 2.8
months, respectively (HR = 0.64, P < 0.0001). They con-
cluded that bevacizumab continuation beyond the initial
detection of PD modestly improves OS compared with avail-
able non-bevacizumab therapy for recurrent GBM.

Zuniga et al. (48) reported a rebound phenomenon after
the discontinuation of bevacizumab in patients with malig-
nant gliomas. Rebound PD was defined as an increase in the
largest cross-sectional area of enhancement on MRI of at
least 50% compared with that at the time of bevacizumab
failure. Among 40 patients who did not respond to bevacizu-
mab therapy, 11 patients (27.5%) displayed rebound PD, and
they had poor prognoses with an OS of 6.8 weeks. Of three
patients who were restarted on bevacizomab treatment after
rebound PD, two exhibited a partial response, and the OS
was extended to 21.3 weeks. Clark et al. (49) analyzed the
survival of patients who underwent reoperation and reported
that patients who received bevacizumab preoperatively had a
worse postoperative OS (HR = 3.1, P < 0.001) and PFS
than patients who did not receive bevacizumab.

Abrupt discontinuation of bevacizumab after PD may lead
to a rebound phenomenon and increased tumor-associated
cerebral edema, and therefore, continuation or slow tapering
of the bevacizumab dose after PD might be necessary to
prevent rebound PD.

NEWLY DIAGNOSED GBM

RT plus TMZ plus bevacizumab was applied for newly diag-
nosed GBM, and the OS and PFS times were 19.6—23 and
13—13.6 months, respectively (50,51). The efficacy of this
combination therapy was superior to that of RT plus TMZ
(OS = 14.6 months; PFS = 6.9 months) (1).

A Phase III trial of RT plus TMZ plus placebo vs. RT
plas TMZ plus bevacizomab was conducted for 921 patients
with newly diagnosed GBMSs from 26 countries (52,53). The
primary endpoints were PFS and OS, and the final PFS and
interim OS results were presented at a Society of
Neuro-Oncology meeting at the end of 2012. The PFS times
of the placebo (» = 463) and bevacizomab groups (n = 458)
were 4.3 and 8.4 months (P < 0.0001, HR = 0.61), respect-
ively, and the addition of bevacizamab to RT plus TMZ sig-
nificantly extended PFS. The median lengths of time for
which patients maintained a Karnofsky performance status
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score of >70 in the placebo and bevacizumab groups were 6
and 9 months, respectively. The bevacizamab group exhib-
ited a significantly prolonged median duration of stability or
improvement from baseline for health-related quality of life
(HRQoL) as assessed by the EORTC QLQ-C30 and BN20
scores for global health status, physical functioning, social
functioning, motor functioning and communication deficit
compared with the placebo group. Considering that bevaci-
zumab in addition to TMZ improves PFS and HRQoL in
patients with newly diagnosed GBM, it is possible that RT
plus TMZ plus bevacizumab will be a new standard therapy
for a newly diagnosed GBM. The final results including OS
will be presented in 2013.

BRAIN METASTASES

The standard therapy for brain metastases is RT or surgery
plus RT depending on the size and number of tumors (54).
The role of chemotherapy in the treatment of brain metasta-
ses has not been established. Because bevacizumab is
believed to induce ICH in patients with brain metastases
(55), patients with brain metastases have previously been
excluded from clinical frials of bevacizumab. The
PASSPORT study of patients with non-small lung cell car-
cinoma (NSCLC) and nonprogressive brain metastases after
RT demonstrated that bevacizumab in addition to chemother-
apeutic agents or erlotinib did not induce >grade 2 ICH and
that bevacizumab can be safely used in patients with brain
metastases (56).

A small series of patients with progressive brain metasta-
ses who failed on RT or surgery plus RT and received treat-
ment with bevacizumab with or without chemotherapeutic
agents were reported for breast cancer (57,58), NSCLC (59)
and colorectal cancer (60). The ORR of the studies was 33—
100%, and the PFS and OS of patients with breast cancer
and brain metastases were 2.8—9 and 7.8 months, respective-
ly. No >grade 2 ICH was reported in these studies. These
studies were very small, but they suggest that bevacizumab
can be effective in patients who fail to respond to RT. No ef-
fective chemotherapy for patients with radiation-naive brain
metastases is available, and further investigation of
bevacizumab-based therapies is necessary.

SCHWANNOMA AND MENINGIOMA

Surgery is the first choice for WHO grade I benign brain
tamors such as schwannomas and meningiomas, and no che-
motherapeutic agent is available for these tumors. These
benign tumors occasionally recur, and repeated surgery is
necessary, resulting in the deterioration of patient health.
Recent reports demonstrated that bevacizumab is effective
against these tumors. Neurofibromatosis type 2 (NF2) is an
autosomal-dominant syndrome characterized by bilateral ves-
tibular schwannomas, meningiomas and gliomas. The effect-
ive freatment options include surgery and stereotactic

radiosurgery, and these patients often lose hearing activity.
Bevacizumab was reported to be effective for schwannomas
in NF2 (61-65). Plotkin et al. reviewed 31 cases of vestibu-
lar schwannomas in NF2 and reported that the ORR was
55% and that 88% of patients had stable or decreased tumor
size after 1 year (63). Ninety percent of patients had stable
or improved hearing activity after 1 year of bevacizumab
treatment, and hearing was stable or improved in 61% of
patients after 3 years.

Most of meningiomas, the most common benign primary
brain tumors, are WHO grade I, but some of them are ag-
gressive WHO grade IT or III malignant tumors. Some
patients with WHO grade [ meningioma in the skull base
recur at the same tumor site, and repeated surgery or radio-
surgery is often performed. The VEGF is highly expressed
in meningiomas, and it plays a role in tumor angiogenesis
and peritumoral edema (66). Bevacizumab with or without
chemotherapeutic agents was reported to control recurrent
meningioma (67—70). Lou et al. (68) reviewed 14 cases of
grade I-III progressive/recurrent meningioma and reported
that 1 patient had a partial response and 11 patients had
stable disease, and the PFS was 17.9 months. In their study,
bevacizuomab was administered as a single agent to 4
patients, and 10 patients received bevacizuomab with chemo-
therapy with etoposide or TMZ.

Bevacizumab is also reported to be effective for heman-
giopericytoma and malignant solitary fibrous tumors that
often arise in the brain and are highly angiogenic. Park ef al.
reviewed 14 patients with these tumors including 6 brain
tumors who were treated with bevacizumab and TMZ and
reported that the ORR and PFS were 79% and 9.7 months,
respectively (71).

RADIATION NECROSIS AND RE-IRRADIATION
THERAPY

Radiation necrosis is the most severe delayed toxicity asso-
ciated with RT. The standard therapy for radiation necrosis
includes steroids, anticoagulation and the removal of necrotic
tissues. The pathophysiological mechanism of radiation ne-
crosis is RT-induced endothelial dysfunction with elevated
levels of cytokines such as VEGF, resulting in increased ca-
pillary permeability of the blood brain barrier, subsequent
extracellular edema, loss of the myelin covering of neurons,
and finally hypoxia and necrosis (72,73). Thus, the VEGF is
a target in the treatment of radiation necrosis, and bevacizu-
mab was demonstrated to be effective for radiation necrosis
via restoration of the blood brain barrier (74—80).

A Phase III study of patients with radiation necrosis and
progressive neurological symptoms was conducted (81). All
patients who received bevacizumab treatment (n =7) at a
dose of 7.5 mg/kg every 3 weeks showed a decreased
volume of radiation necrotic lesions on FLAIR and
T1l-weighted gadolinium-enhanced MRI and improved
neurological symptoms at 6 weeks after treatment; however,
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patients in the placebo group (saline treatment; n = 7) exhib-
ited no improvements. Five (71%) patients in the placebo
group experienced worsening of neurological symptoms, and
the other two patients showed progression on MRI.
Bevacizumab at a dose of 7.5 mg/kg every 3 weeks for 12
weeks can stop the progression of radiation necrosis in most
patients for least at 10 months after treatment. Levin et al.
concluded that the study provided class I evidence for the ef-
ficacy of bevacizumab in the treatment of radiation necrosis
secondary to the treatment of head-and-neck cancer and
brain tumor.

Approximately 80% of patients with GBM have local re-
currence at the original tumor site (82,83), and re-irradiation
is a salvage treatment option, although it is limited by the ra-
diation tolerance of surrounding normal brain tissue. Re-
irradiation with hypofractionated stereotactic RT (HFSRT) at
a dose of 20—36 Gy appears to be effective with acceptable
toxicity (84—88). The OS after re-irradiation was reported to
range between 3 and 10 months. Because bevacizumab is ef-
fective for recurrent high-grade gliomas and reduces the tox-
icity associated with RT, re-irradiation with HFSRT or
radiosurgery combined with bevacizumab has been attempted
for recurrent high-grade gliomas (88-90). OS after
re-irradiation was reported to be 7.2—18 months in this
series, compared with 3.3—12 months in the absence of bev-
acizumab as per historical data. Re-irradiation with bevacizu-
mab is a promising therapeutic option, but further
randomized clinical trials are needed.

ADVERSE EVENTS

Major adverse events associated with treatment with bevaci-
zumab alone for recurrent gliomas include hypertension
(HT), ICH, venous thromboembolism (VTE), proteinuria,
and wound-healing complications, and the proportions of
these events that were all grades/>grade 3 (according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events version 3.0: NCI-CTCAE) were 12.6—
35.7%/4.2—16% (HT), 0—-3%/0% (ICH), 3.2—16.0%/2.0—
12.6% (VTE), 2.1-41.9%/0-3.2% (proteinuria), and
0—6.0%/0—2.4% (wound-healing complications), respective-
ly (10—14) (Table 2). The rates of various types of hemor-
thage including ICH, epistaxis, gingival bleeding,
conjunctival hemorrhage and infusion site hemorrhage and
the presence of blood urine were reported to range as high as
30% in previous studies (11,14). Arterial thromboembolism
was also reported (11), but gastrointestinal perforation is a
rare complication in the treatment for gliomas (10—14).

HT, the most common adverse event in patients treated
with bevacizamab, is a cause of ICH, cerebral ischemia, and
myocardial infarction. A recent meta-analysis revealed that
the incidences of all-grade and grade 3—4 HT in patients re-
ceiving bevacizumab were 23.6 and 7.9%, respectively, and
that the relative risk (RR) of high-grade HT is 5.3 (P <
0.001) (91). The mechanisms of bevacizamab-induced HT
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Table 2. Major adverse events of single-agent bevacizumab for malignant
gliomas (% All grades/% >grade 3)

Study BRAIN, 1022506, XKreisl, Kreisl, Chamberlain,
2009 2012 2009 2010 2010

Number of 85 31 48 31 50

patients

Hypertension 35.7/83 32.3/9.7  12.6/42 32.0/16.0 14.0/6.0

Intracranial 2.4/0 3.2/0 0/0 0/0 4.0/0

hemorrhage

Venous 3.6/3.6 32732 12.6/12.6 64/6.4  8.0/2.0

thromboembolic

events

Proteinuria 4.8/0 41.9/0 2.1/0 28.8/32 10.0/2.0

Wound-healing  6.0/24  0/0 0/0 3.2/0 4.0/2.0

complications

Gastrointestinal  0/0 0/0 2.172.1 0/0 0/0

perforation

are renal thrombotic microangiopathy, glomerular damage,
and vascular effects. Bevacizumab decreases the production
of nitric oxide in the wall of arterioles, which induces endo-
thelial dysfunction and increases systemic vascular resistance
(92). Several reports suggest that very early HT is associated
with the tumor response to bevacizumab in patients with
colorectal cancer and non-small lung carcinoma (93,94), but
Wick et al. reported that there was no prognostic correlation
between HT and bevacizumab treatment in patients with
GBM (95).

Proteinuria is a characteristic adverse event of VEGF inhi-
bitors that may lead to renal failure, HT, and cardiovascular
complications. One of the mechanisms of proteinuria is the
injury of glomerular endothelium due to VEGF inhibition
mediated by bevacizumab (96). A recent meta-analysis
revealed that the incidence of grade 3—4 proteinuria in
patients treated with bevacizumab was 2.2%, and its RR was
4.8 (97). High-dose (5.0 mg-kg 'week 1) and low-dose
(2.5 mgkg 'week ') bevacizumab treatment is associated
with increased risk of proteinuria, with RRs of 2.2 and 1.4,
respectively (98). Close monitoring of blood pressure, blood
pressure examination and urine tests are necessary because
patients who require dialysis or who have been diagnosed
with persistent nephrotic syndrome even after bevacizumab
discontinuation were reported. When grade 3—4 proteinuria
is observed, the dose of bevacizumab should be reduced or
discontinued.

ICH can be a life-threatening event for patients with ma-
lignant brain tumors. ICH occurs primarily via infratumoral
bleeding. Velander reviewed the incidence of ICH in patients
with cancer and reported that its incidence is as high as 10%
(99). ICH occurs in all cancers, and GBM, oligodendroglial
tumors, lung cancer, breast cancer, melanoma, renal cell car-
cinoma, hepatocellular carcinoma, choriocarcinoma and
thyroid cancer are the common malignancies in which ICH
occurs as part of the natural history of the lesion. Since the
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occurrence of fatal ICH in a patient in an early phase [ study
of hepatocellular carcinoma, bevacizumab has been contrain-
dicated in Japan and Europe for use in patients with brain
metastases from systemic cancers. Besse et al. analyzed the
incidence of ICH in various clinical studies and reported that
its incidence was 0.8—3.3 or 1.0% in patients with brain
cancer who were treated with bevacizumab or were not
treated with bevacizumab, respectively (100). Khasraw et al.
(101) also reported that there was no difference in the inci-
dence of ICH between patients with malignant brain tumors
including GBM and brain metastases receiving bevacizumab
(3.7%) and those not receiving bevacizumab (3.6%). Based
on these findings, bevacizumab does not appear to increase
the incidence of ICH compared with its natural incidence in
gliomas or brain metastases, and bevacizumab is not contra-
indicated for malignant brain tumors.

Bevacizumab is reported to increase the risk of arterial
thromboembolic events including myocardial infarction and
angina with an RR of 2.1 (102) or a HR of 2.0 (103).
‘Whether it increases the risk of cerebral stroke is controver-
sial (102). Cerebral stroke is often observed in patients with
brain tumors. Kreisl et al. reported that the majority of
strokes are caused by surgery or RT and that the median
latency from RT to stroke was 3.2 years (104). Fraum et al.
reported that ischemic stroke occurred in 1.9 and 1.7% of
patients who were treated with and without bevacizumab, re-
spectively (105).

Patients treated with bevacizumab were reported to have a
significantly increased risk of VTE with an RR of 1.3 com-
pared with controls, and the risk was not different between
patients receiving bevacizumab doses of 2.5 and 5.0
mgkg 'week ' (106). However, GBM and malignant
gliomas themselves are risk factors for VTE. The 2-year cu-
mulative incidence of VTE was reported to be 7.5% in
patients with malignant gliomas, and 55% of these patients
were diagnosed within 2 months after surgery (107). Risk
factors for VTE include older age (HR = 2.6), GBM hist-
ology (HR = 1.7), and chronic comorbidities (HR = 3.5)
(107). Another study showed that the cumulative incidence
of VTE was 21% at 3 months and 26% at 12 months after
surgery and that residual tumors represented a risk factor
(HR = 3.6) (108). Thus, VTE is often observed in patients
with malignant glioma; however, and importantly, anticoagu-
lation does not appear to increase the risk of ICH, and thera-
peutic anticoagulation for patients with malignant brain
tumors and arterial or venous thromboembolism should be
recommended (99). Treatment with bevacizumab concomi-
tant with anticoagulation for VTE possibly increases the risk
of ICH; however, these treatments did not necessarily cause
severe hemorrhages with clinical symptoms, and patients
treated with bevacizumab should be given low-molecular-
weight heparin or warfarin with close monitoring of blood
test examination whenever needed (109,110).

Posterior reversible encephalopathy syndrome (PRES) is a
syndrome clinically characterized by HT, headache, confu-
sion, visual disturbances and seizures. The causes of PRES

are severe HT, eclampsia, cerebrovascular events, immuno-
suppressive agents and chemotherapeutic agents, and PRES
was reported as an adverse effect of bevacizumab in the
treatment of systemic cancers (111—113). Most patients who
develop PRES during bevacizumab treatment had an in-
crease in blood pressure from baseline, and PRES resolved
after prompt withdrawal of bevacizumab and normalized
control of blood pressure (113).

VEGF plays an important role in the healing of surgical
wounds, and the preoperative and postoperative use of beva-
cizumab may increase the risk of wound-healing complica-
tions. Because the half-life of bevacizomab is approximately
3 weeks (20 days), patients should wait at least 6—8 weeks
to have surgery after the cessation of bevacizamab treatment
(114). Postoperative initiation of bevacizumab should be
delayed by 4 weeks to prevent an increased risk of wound-
healing complications. Clark et al. (115) analyzed 209
patients who underwent a second or third craniotomy and
showed that patients receiving preoperative bevacizumab
therapy developed wound-healing complications more com-
monly than those not receiving bevacizumab therapy (35 vs.
10.0%, P = 0.004). Patients with an interval of <28 days
between the last dose of bevacizumab and surgery tended to
have an increased risk of this complication compared with
those with an interval of >28 days (odds ratio = 6.5, P =
0.07), albeit without significance. In total, 1 of 18 patients
(6%) with a median of 43 days (range 22—65 days) between
surgery and postoperative bevacizumab initiation had
wound-healing complications, a rate that was not significant-
ly different from that for controls not receiving bevacizumab
treatment. The authors recommend performing repeated cra-
niotomy more than 28 days after the last administered dose
of bevacizumab whenever possible.

CONCLUSIONS

Single-agent bevacizumab is effective for recurrent GBM
and improves the quality of life of patients. HT and protein-
uria are characteristic adverse events associated with bevaci-
zumab treatment. Many fatal adverse events such as ICH
and VTE are reported in patients with gliomas. However,
these events are also associated with glioma itself, and these
events should receive due attention. Bevacizumab is used to
treat various diseases including brain tumors and radiation
necrosis, but further clinical trials are necessary.
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Multidisciplinary Approach to Management of Patients with Brain Metastases: Yusuke Tabei ™, Shingo Miyamoto ™
and ichiro Suzuki™ (7 Dept. of Newrosurgery, and **Dept, of Clinical Oncology and Chemotherapy, Japanese Red Cross
Medical Center)
Surnmary

The incidence of brain metastases has increased over time a5 a consequence of an increase in the overall survival of patients
with various types of cancer and the Improved detection by magnetic resonance imaging  (MRD. In this study, the guidelines
and evidence for the radiotherapeutic, surgical, and chemotherapeutic management of patients newly diagnosed with brain
metastases have been reviewed. For patients with good prognosis {expected survival, 23months) and single brain metasta-
ses {>3-4am) inwhom safe complete resection is possible, whole brain radiotherapy (WBRT) and surgery (level 1) should
be considered. Another alternative is surgery and radiation boost 10 the resection cavity {fevel 3). For single brain metastases
(< 3-4cm) thatare not resectable, WBRY and radiosurgery, or radiosurgery alone should be considered  (level ). For select-
ed patients with a limited number of multiple brain metastases (all<\3-4cm} and good prognosis {expected survival, 23
months), radiosurgery alone, WBRT and radiosurgery, or WBRT alone should be considered (level 1). However, data from
recent chinical trials have shown that adjuvant WBRT after radiosurgery or surgery for a limited number of brain metastases
reduces intracraniat relapses and neurclogic deaths but fails to improve the duration of functional independence and overall
survival. Many dlinical studies have reported the effectiveness of molecular targeted theraples for brain metastases. Gefitinib
or eriotinib should be considered for the treatment of asymptomatic patients harboring activating epidermal growth factor
receptor (EGFR} rutations. Lapatinib should also be considered for the treatment of patients with brain metestases from
human epidermal growth factor receptor {(HER) -2-overexpressing metastatic breast cancer. In Japan, the intravenous admin-
istration of bevacizumab is currently being used for the treatment of symptomatic radiation necrosis of the brain, Key words:
Brain metastases, Radiotherapy, Radiosurgery, Molecular targeted therapy, Corresponding author: Yusuke Tabei, Depart-
ment of Neurosurgery, Japanese Red Cross Medical Center, 4-1-22 Hiroo, Shibuya-ku, Tokyo 150-8835, Japan

¥e ECOURSREEFRCHT el FTRNEOSAR L ABHNEEOTRONEL MRIZIRES

LA EHEBEOREL LY, BB oREFIENNL TWB EEE S, TR BRERESHCET AR
SHEAIR. B, RBHHBIITAN A ¥ A Y ALY F Y ARBY YA, WRBERBCIAAMIOPBPERE SN
£, S~dom M EOBSBEH+ LM Jovel 1) HIGBEO 7 — 2 FEYH level 3) %, 3~4em RBOBLSRE
SRGHRBRI S B 2B - R SRR R SR TS (level Do #REBCHLTE, 328U E0FESTH
SNLHE PREOERT I~-1cn RBORSR. BERFEHBESS 2 RS RINES-2BEE. SRR
BOTRAEZETS, AU LEEOREREC, $HB I FEMRRIGoBERE OB X b SERMMNEN
BEH 500, EHEEBIET TR PSHETEEE TolBIEAR I EBE A L kot BEBLHTIHTER
BOFHUFE CREZN TV, BERGOMREG T EGFR ZRIBHOBEITH LT gefitinib $21% erlotinib
%, R HERZBOASORELH L TR apatinth OEH L2 EFRIRETH S, BE, HENNGHEEEIIR TS bev-
acizumab BRAESOBERBPDFBCRITFTCH B,

R EHER Y ¥ - - R
" R - AR

B T 150-8035 BURUMBMRRREIRR 4-1-22 BRI ¥ — - A
HERIEE
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BEAHY TSR 23 I AU oA
s X B IR HIIEE 355 7FRAT, BRBO 20~40%
FIREBE AL, FO0~T5%ASEREL 22 L O%
A LEBERESN T o BFRIE S~ A LR
Eh, BAOBSERIBEO 2 CRLIFESHVIETE
o T b, FEEOURTEETRICHT 2 8o
3, FFENROGAL L ZETREHOTHOWE
EMRIZHRUDETIBRBH ORI LY, BEE
SEFEREML Ceb 2 EL 605, DPBEOSER
AT (55 12 3R 1984200007 1o B e B A 13,393
FOEREEEEOMTIE, B 51.9%, 1L49.3%,
RO 5.7%. B/HRAE 5.3%, B 4.8%, KB 4.7%,
FINAEHE 3.2%, W2.1%. FEH1.7%. ToMW11.3%
T PSS EERE S S, L EBL U S E4TRIE, B
55 47.6%, 16.2%. HHT21.9%, 4.6% & RITITHN
BRASREICED D EeY, KRG, ERRRELC
TSRS, PR BEHELETSAL P A
ETEF AR T b

1. BEHA RS54 &P HERT

1. EBREEHIINT SRMAC FI1»

National Comprehensive Cancer Network (NCCN)
A ERRE T, Fo4 20183 T, 1~3@Eco
el RERIZH L TR, SSUEIRTFS 5 VIRE
DEDERIFIEORREN S 156, PRTELE
Bioov i, ©BITHRINE -+ (whole brain
radiotherapy: WBRT) 25w il BERAHBER (ster-
eotactic radiosurgery: SRS}, & WBRT-SRS. D SRS
BRowvwhae B8R, YRFERMECHN LTI,
DO WBRTESRS 2B LTV 5% 4 PFUEOEIR
ERICH LTI, WBRT 543 SRS 28 LTy
%o WHBRIIIPBBEQIEROMRI 740 —~T7
TEF e, BEERLH U CINMY - WBRT SRS @
BERRICIE ¢, M8 -SRS B3 Wi SRS WEBRT-

ek E, FRWECH L TR 3B CRER LB

4P LG WEBRT 5V d it LTy 5,
SUFEBOYE, performance status (PS) OET2E
HLHEETE, WBRT OBE 2T U WBRT H 5wk
S 7h, WBRT OBEFHLBSIEBSC HHVIE
MBI BSNS S A 15EE WBRT (BIBSD 28 E
LTwn%, ASTROF A ¥F54 » 2012 T, #1DEER
DPREERIPIT, FHTUEHEEN (6 B
Friff, AT, AERnRE CBoTtRE
DA XHOBRTBIERLTnEY,
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2. EREREBROFRETLPETH

EEEREEOTFHEEFCBLC Gaspar b1
1979~1993 4€ ¥ T ® Radiation Therapy Oncology
Group (RTOG) REERBIIESZsIL 1 200 EMY
WL, EHTREHSTHEF LB L recursive
partitioning analysis {RPA) class 1~3 028ILA", &
4T 1% BT % RPA class 1 43, 65 Bk, Karnof
sky performance status (KPS} 70 BLE. Bl s
#CEY, BESBNOEBHENTE LLvERTE
R 71 2B Cho ke BV FERRL KPS
70 R RPA class 3 2 2.3 2 H ¢, #0H O RPA
class 2 15 4.2 2 H Ch -7 RTOG RPA B8 BE
LEMHH e RET A L CRESEETH LM BN
DFBETL TR, HE, I hHEDLeben
R ERA LI Lo RO (1885~2007
) DF - HEDTBHTEOF BRI TR T Y >
74k L. 42 diagnosis-specific graded prognostic assess-
ment (DS-GPA) 5% (2, Y & b2y #pE s
. ASTRO#4 FZ 4 »CHFHRTUOEEE LT
BEATLSY,

3. ERMBEEICHT SRR

BF, #4 P34 roifitd & 3 ERNREBT ST
LB R LNESEOREL 5 ¥ AR
{randomized control triak RCT) F L0845,

1998 9F Patchell HIX. HBRER Y L THMH%
Fvr MRI L&A & NIEHICH T 5870 WBRT
AEGMICHETSE IO, BESOMRNLEE
REETHILEFHRELLY. PSO2 0 I~3 BolkE
REMCH LT, SRS TARSWBHTERO WBRT (30
Gy/10Fr) OFMIC LB PSIPECHBT S oM
B % 8¢ L7 Buropean Organisation for Research and
Treatment of Cancer {EORTC) 22952-26001 (5301
1996~2007 48) O 2011 ECRE LY,

WHRFEBEE L HER WBRT OREBTH. FHENo
BB 0% & 27% {(p<0.00D), M RER
1 42% & 23% (p=0.008) . WBRT & b HEAH
A LS BS L. SRS B EHF—~ ¥
A, ERBEENSrBE 0T HATEELL,
Patchell 5OBPELRAMOBRER T LML, 5
HNETHL PSI U RICBET S ETCOHBNF 0,
AL 8598 {(p=0.71, HR=0.96) CEFfLdolcl
Ex6, WBRT HBEAEEEASENET TR E
HEHFBEN R U EFEORB RS Y, Wik
TAO— BT LERA B LAFTUET, FHBREBYE
Y AL RROTROBMBEO T~ 2 F R %
FTARELBATVE, BRBCHT 72 PBY (B
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Bl URMEBLNTS ASTRO #4 ¥% 4 i 2012 {radictherapeutic and surgical management for newly diagnosed
brain metastasis{es): an American Soclety for Radiation Oncology evidence-based guideline)

WREES W
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(F# 3P B

ST

REBMEHN 3~4om BT
< FU AR Jevel 1)
< EREAS RSB Gevel 1)

© B HOEA A Gevel 1)

- FH AR RE R B B~ - X P

2B (evel 3)°
BEBEEY I~4dem BL.E
- FHRHSHBERY (evel 1)

- R EMRAPR G BN 7~ A PR

LRI (evet 3)°

PR
(FRIPBEL)

e

BEEHEN 3~4om BT
« SERERRE R 2B (level 1)
- BEHHEIEIOEE (evel 1)

R NEN 3~dem BLE

- 2AREY (evel 3). FRAVOEGEELBH

PEFRR
(F# 3 H &

¢« REEE (evel 3)
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00

- SRR LOBRY 7 Uevel 3)

LRBEE SUH
FHRE Mass
{FHIPAME) effect R L

- RIS (evel 1)
FHRIF Mass
{(FHEIPABE) effect Y

BERSEC L ANSEES T
- Mass effect DHLIREORLLBBRBE LY

FRLEY (evel 3)°

- SREEEE (evel 3)
PHRAR - gt (evel 3)
(T8 30 AR

TR OBEBHEN I~dem UTF*
-~ BRCRSHBIE - 2N (evel 1)
- R AHAEREN evel 1)

cOO0

oo o0 O O

O
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- SEEHE LOWHET 7 (level 3)

fevel L P2 EH—2OBYNCFF S w8, RCTHSHELhLIEF X

Level -0 7 ¥ SIS AT, K P Y 2RATHEEERENSBORL I YFL A

Level 32 L FH A X a2 b FLELEHRIFAE (B8N sefishiTedr i

Level -3 A AOEES LT, SEONERP LB EF YR .

Level 3 BERE, BRANBRSVRENSHESORELEI(BES UPROTR

KPS: Karnofsky performance status, LG locad control. Ssurvival, WB: whole brain

BESFREL TV (LA ERTENS A0 EEOBEE» SEBASR T RO FEHEN 2SRV B

SRR FEPES RS,
P REGREROTRETRETC (F2 BB,

bR ERORA (L AR, Bl v Y8 BB 28<{. RTOCUS08 Tt 6~0% Mg

Fehai™,

EMBORGH (HOHVIRITE) CHRHEhIRERACEEBORAYS HVEMEEERITEL, BRSO H
BERE LRSI TR, 4 8 CORBOREIBEShAY, {BU LOBER T 3 BAKMBHEHO

HWRERRL AR REBHOBEL S,

BRI KowT, $DLIALRBHIBHBHED
RCT AW, LA ARNEL & — CORBRRHE
5 LB SRR HRBN T, EIE0E (03.9%
B, 16.798), BFERE (9.4%, 12.1%), HEME
SEAE (42, 09%, 33.3%), HHEEENTET (35.6%, 36.79%)
DOFREELEIE R Ao 2P, Stanford K& L 944
g4 Tk BR BB~ OB RS WBE OBE
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Py, VERPIHEE FEANESEE 7% 7%,
EHMM 5.1 AT CSLBRORCT #FHEs 13,
2004 SEITWME SR RTOGYS08 12, dem WF D 1~3
BOBES LRI WBRT B 164 P& WBRT+SRS
167 @R LA, BRERBOERE, EFMMIZ 4.9
PREES52H (p=0.039) THEI WBRT+SRSH
o Cwinds, SHBRER C~34) OHaHs.748
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# 2 DS-GPA A o7 3R L AEYE IR ol (MST) CCORR™ & b ey

pAHIBR B
FHET 8 0.5 1.0
i GB >66 50~60 <50
KPS <70 080 80~100
B SR e S HY - Ll 9
EEEk >3 2~3 H

A%
FHRET 0 0.5 1.0 1.5
KPS =50 60 T80 90~100
ER/PR/HERZ Triple ER/PR+  ER/PR—
Subtype Negative HERZ—~  HERZ+
ERy () 260 <60 — e

FLE
FHREF 0 0.5 1.0 1.5
KPS <70 70 80 80

~1.0 3.02 254 {14%3
1.5~2.0 5.49 705 {38%)
2.58~3.0 9.43 713 {40%)
3.5~4.0 14.78 161 {9%)
DOver gl 7.00 1.833 (&)
2.9 6~1.0 3.3 23 {6%)
- 1.5~2.0 T.96 104 (26%)
Triple . ,
Positive 2.5~3.08 15.07 140 (35%)
—— 3.5~4.0 25.30 133 (33%)
Over all 13.80 400 (28
2 D~1.0 3.13 768 {36%)
0o 1.5~2.0 4,40 65 (31%)
2.5~3.0 §.87 B0 {249)
3.5~4.0 13.54 18 (9%)
Over all $.36 208 (&)

LSR8 HTERERR Dol AL, 6 0HED
KPS 22504 FORMGE WBRTHSRS 2o T
o

B AR SRR v — 7 (Japanese Radiation
Oncology Study Group: JROSG) i, JROSG -1 & LT
1999~2003 42 1~4 ¥ TOREBHEO T TH3
em BT, KPS 70 B LML LI SRS igiel w &
WBRT+SRS 50 $& D RCT # 5o 1™. FOHE 4
FHRESOPB LIS PATCHEREGELEL {p=
0.42), HHBENET, 18RI KPS 0B LTHAHE,
1R L4 U AT 0 Mini-Mental State Examina-
tion (MMSE) IS3HUEFbd ol HERMENE
76.4% & 46.8% (p<0.001) THIIC SRS By,
EMBBEELLEHL S o, SOELY SRS
BT WBRT #5b SR NEE U HENERSR L
Y RIMABONEREE RS, BN 7+ T~
#4T9% 5 SRS ML BIERIRO—2 L LT b, &
RENTE, MMSEMET T3 CoNMY, WBRT+H
SRS A 16.5 At LC, SRSHM 7.6 28 LM
IZBC (p==0.05), BEBOHEBFBRISELERLT
VL EEHLTWAE®, BERCRL A Sem BT 1~
3O ICH LT SRS B4l 30 f & SRS+WBRT
B CEKESEERBLARCT R, 4 »EROEEB
L UBEIGHE (Hopkins Verbal Learning Test-Revised:
HVLT-R) OETERIF0%E 52% T SREFWBRT @Y
REPWTEDE LTk 34, SRS M & BB
B/WE LR L T 37, EORTC22052-26001
SREKBML T, 1 BOBTECHRKAES B mm T,

232

2~3 BOWECHIERE B mm £ TO 199 MEHRIK
SRS BRI 00 W E SRS+ WBRT 9o MR gk L
ize 2 EBOBIFT TSR EABIE 1% I L T SRS+
WBRT 19% (p=0.040), 2 £ B0HFHEHEEERG
48%5% 33% {p=0.023) ~& WBRT ®EM L OHE
WEA L, AL, R0 LB EFMEETHS PS
3BLCHMETLETOMMLETNNS BN b o
i}

FPRATS 4, 5L LOERBEBCHL TR
WBRT RN T, €0 LT A SRS BTk
BULBA TR Y F v ARGEELR W LB LG,
hFECRET v F A7, FA /84 7L ED SRS
BRORRRIIZSRBBIH LT SRS b
{HAH 5%, Pittsburgh KE» LORETE, 4 WL
DIFEIITT 5 SRS (46% 14X WBRTHSERS) o4t 4
WM H, L ERFWM7I%, HENETEEM
A, RPASEI, I, DHOEFNEE, 18408, ¢
#H. 3PAThoLY, SEEBIFCIR, BN,
RPA B L UHBBRIWEELTFHRRTFC, E8%E
BudERpdro fzo Serizawa S 1,030 8, 10,163
Bon v 4 7HREREBFEBE LY, | £5E
HERFE I~A E0ERMETL.8%, 5~I08T
65.8%, W0EU ETE7.1%L SEULOERBECTH
HEHERINL . SEREBN T 5 B LOWENST
BTRAEFCHLI L2 W/E LTS, B 10T,
3cm RBOEBERERE LR F v wr 4 T HMT
DR EEY (JLGKO0L) 24EFTh T, 8BS
5%,
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1. SBERIERCYT HLRRE

BRI R B EEE, He Wikt
R P 3B LR Ty, 2012 EBESHR T4 F
54 ¢, REBOHTEGREOREEr ST S

&, ERFHEE LTORSEREOMETES 25, b,

WHNFEB T 2B 20~0% 2 4. #Ro
RBAEHI0~0% B S NS BB E TRt LT
WA, IHERERES AT S IMEBRIE LT
Q. TIF RSO L RGN L0
RCT #& 5™, HHWEDE (27% L 33%. p=0.12),
60 AAEHE (46% & 40%), EHENIN (248 214,

=0.21) CERL{, BHBBEROY 4 3 X 3Ef
{early) ThH. 335 IR (delay) THEFL
HH L ad ool &5 LR REET b BRoRiEr D
Bo FoMLAE, WRBHEHIE pemetrexed HRIERIC
#LADL#ESD S5, Ortuzar OGS THES
eI PBEERRL & LTREEROREHIEN
pemetrexed 2 E O BRHR CHETICE { (5.2% vs 6.6%),
BEBON X7 2RI TCELTHEEMEFIR T
B,

. EREREBICHTIFFEE

LHEREHTEEE (epidermal growth factor recep-
tor: BGFR} ©F 23 0 & F—-EREH (thyrosin kin-
ase inhibitor: TKI) T 5 gefitinib {4 L » %), erlo-
tinib {F Ak owT, hREOBRFERKE T,
gefitinib OREB NS 28 R 2~60%10B0 b1
¥R, mEO Wu S, BIREOERS 40 P gefi-
tinib DWW & R EHV, BN 2%, REPEE
72%., MBI OB, SN I AL HEL
TwE™, K, dom BF, 1~3BORERLET AR
ANFUBI 126 BHCH LT WBRTHSRS I TMZ 3
Wit eriotinib O L ECHREHES B RCT (RTOG
0320) OBRIEE SN, WBRTHSRS &, WBRT
+8RS+TMZ, WBRT+HERS+eriotinih OAFHEIG
134 5H,. 6.3, 8.1 7B L, BB EHTOEE
FROBIMD & 9 EREET LAWEEFRE XL,
)5, EGFR ETFLEEBEH T WBRT & erlotinib
OEECEEM 0.1 PR EOBELH VY, EGFR
HEFERBEATREREBES 2 AT —K
BEC BEGFR-TKI 2+ 5~ 55 BES®RELE
FH2WREHTASEPEREIT TR,

I T D trastuzumab T L &+ A {h8EHE
DAL Y RTABOTFHRIEH L AP, HERZ Btk
AATEHI T trastuzumab BIRE FU L BHD 25~34%

233

brelec i

R REL, Bl OREROBEECON
M 4~24 3B Evbis™, HER] & HERZ DU F %
W5 TRI T, trastuzumab & 35T @ lapati-
nib BRMEBHPZ BT 2 F L LN TEY, RER
T AEFE IR T VB, BERLETS tras
tuzumab B HO HER2 BB EFANCH T A8 4
BECC, lapatinh BAIC L S BAERN 2.7 08,
REFHHE 960 ATH o T4 0% ELOBES
OEEAE lapatindb 85 219%, lapatinib+capecitabine
TAN% OESICED SN, BESE S lapati
nib plus capecitabine in patients with previously un-
treated brain metastases from HERZ2-positive metastat-
ic breast cancer (LANDSCAPE) o5 Tl 65.9%4
50% LLEORRER O8I ES G, S AENIIII
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SRR L Y EREOTEE D S

EbH YK
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WBEEEZ LD LT AR L 2EERROL YT
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FLsic

TR, T DY MEERT R 2 4 Yy
{LEERER eSS, O FEINYEROL A & 2 TREED Y
BoWEEE, MRIZIZEUS ETAI&BHOMESICLY,
SRR, FERBIEIENML TR EEZ 6B, KT,
IR TS 1o 3§ B TSR A TR & fhaeftsk (Ko 0 78l
I I L CIRED A A FIA4 Y BIUR MYy 7 A%}
HHT B,

ERIERERICHT DRIMOBRII 51>

NCCN @ central nerve system cancer 7’4 F 7 4 ~
2013 T, 1~3 % CORENRMEBERFHECHL T
LB IR RIF S 5 Vo ld 2 OO R EALEEE ORI A
B BIE, VIR Ic o w T, @ MESHER+ 4
N HE R (whole brain radiotherapy : WBRT) & 5 W id g4
B 8t S5 3B ¥ (stereotactic radiosurgery ; SRS), @
WBRT+SRS, @ SRS Hifliow»FhreB R L, YT
BEZIRLI R L CR@EHEE L Tw B, Hilliix 32 A
BEDOLEMO MR 7 42 90—7 v 7TV, JRBATESHIC
® L TEFENT - WBRT - SRS OIS U T, 1l - SRS
H B B A#E (stereotactic radiotherapy ;
SRT) - WBRT - L2838k %, Wit L iz 3E
AR E FRE 4D WBRT & 5 v ik bRk 2 i
LT3, SEEEONIE, performance status(PS) ®
KT %250 2540, WBRT Q22T hiud WBRT &
B\ ld best supportive care (BSC) %, WBRT OB H
A BSC &5 I BRICEZNNH 2561
WBRT (BIEGD 2 & L LTw3, 4l Lo skisk
Rl Ci, (BENCABETHIEERDE)WBRT &
B3 SRS ZHESEL TV 5,

ASTRO (American Society for Radiation Oncology)
evidence based guideline 2012 THFE 1 D EBH LS
T, PR EWEDY A XJIDERHREHEZR L
TEH?, HHEOBEHBIREITLA 4 F 7 4 > 2012 ERR
b OHECHRIENL T3P, TNeDHS K514 v D
L E £ 5 LR DB R ORE 2 2 X iz,

feXus 9T HARRTFIER R v 7 /s R
THE wE%5 [ MR, v4/5—F+472ry—
0289-0385/13/ ¥-500/5 5/ JCOPY
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HERIE B Ak — B

ERERIESOFRREAT

TR O FHRET B L Tz, $E3 recursive
partitioning analysis (RPA) 3V 5 T & 7%, 7
EDF— DT A2 7Y v 7 UCER AT
# 8T % M3 L 7 Diagnosis-specific Graded Prognostic
Assessment (DS-GPA) A HANTEMA NI L I k-
TEL(E 2O,

EORTC22952-26001"

A3 Bf (Phase I randomized study of adjuvant whole
brain radiotherapy versus no adjuvant radiotherapy for 1
to 3 brain metastases {rom solid tumor after prior surgical
resection or radiosurgery : Jit{91 8 82I0IE 1996-2007) i,
PS 0-2 @ 1~3 ADOKIERFERIZN LT, SRSH 2 wiie
I > WBRT(30 Gy/10 Fr) O iz & % PS 3 LLE
ISR 2 £ CTOEZ S L 2. T+ ROR g 79
B vs FHT+WBRT Bt 81 flic B L T, FHHSAL DG
FEHIE 46% vs 10%, FIBFGZEFRASEIE 37% vs 14% & #%
SEEEETHEECE» o, 2 WBRT 2 & b A9
FECIEIA Uveds, SRS b&d 4w (10.94 A vs
10.7# ) 1EWiE TEE 2 < (P=0.89, HR=0.98), il
MEDRTHBIEY A7 26 ¥ 7 o fitiikD 77— 2 g%
AT ARETRLBRTO S, FlECdd 27— MH
S URTFEEICDWT, D& 2 A WBRT & RFTEH &
@ RCT tevahs, BEREMBANYE R ¥ & —TORPTIRE 64
{51 (50 Gy/25 Fr i12%) & WBRT 66 {5l % b U /-8 588
Frcwk, EFEBRA3.94 A vs 16.72 H), BATEHAHE
(9.4% vs 12.1%), TEEMPTHIHEYZ(42.2% vs 33.3%),
MRREMIFETS(35.6% vs 36.7%) DL TN b HETRIT 4
7212 Stanford K& &1, T2HERIANY A4 N—F 4 7
12 & BTERGIEIEAN DRSS T SRT (I~5 Fr) 217\, 62 H
B XU 12» OBl 88%, 79%, 6 BB LU 125
Aoz 70%, 47%, @EEiE 1510 HE, 5
SR 1Y B REATEE & ASORESREE T3,
EORTC22952-26001 @ SRS &Y L Tid 1 oMmE iz
KEHM 3B mm £T, 2~3ADWETIERAE 5 mm £ T
DREF % % G212 SRS £ (199 #) 1o L T SRS HAARTF 100
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(BREES1)

Clinical benefit

tms )
FHRH HhOER SHEUEIR (Evidence grade) s Lo WB control i
FHERAT 2§50] 48 REEBRENS 3-4 cm LT
(F#% 30 8BLE) o FHT+-2HMERET (level 1) O O O
o EHET AR+ SRR (evel 1) O O O
° ERIEHBATEIR (level 1) @) ®)
* FH - EMSHEAR/BEEAD O O (+£5hisRsE)
o T— A NRET = S RIBBST (level 3)°
% BRRREA 3-4 cm Bk
a o Fi+ SRR (level 1) o} O o
B » FH+ BIRSHEATR/BHREAD O O+ 2R
F—2 NBS = 2 BNEBSS (level 3)°
B s e RUERRSREAS 3-4 om LT
o (F# 31 BELE) o FEIFRETAATR + 2 5B E (level 1) O O O
S o EAMATRRARREIR (level 1) 'e) e}
BURIBHES 3-4 om BLE
o £fNI8ET (level 3), BHTHOIES (@] O O
ERNEER
FHRR * 24885 (level 3) O O
(F12 31 AR o RIESHE L OIS 7 (level 3)
FHRREF mass TATOMEBHESD 3-4 cm BT
% (F#£3ABLLE) effect i L o ERIAETISAR + 2Bt (level 1) O (@]
Eic o BAESHERATREIA (level 1) O O
g‘g o SRIFBST (level 1) o} 0
b2 BRI mass BGISREENIC LA HRAER B Y ©
(F#% 31 BLLE) effect &) * mass effect DHDHEORLLMHL O O
7 BEURRSBTS (evel )
B » 2HERS] (level 3) @) o] O
IS - ] *» 2585 (level 3) O 0]
(FH 3 AFKB) o SRR L OIS 7 (level 3)

LC : local control, S : survival, WB : whole brain
BEIPREL TRV (LR, BETHBES S WIEOBE, SEBHSHN THYBESHLREABMNERDLV) BRICEFHIBOESND,
2 FHRERDEEMOFERAFICE D (BROFEREFOBEELR)
SRS ORIR (2 & X MNERSREES, Ahgs, UM, FRMIBRRER) %88 <. RTOGOS08 Cld 6~9% D/MARINE Ch /9.
¢ ERRAHEASR (5 5 VO EEFH) TARES WA NZRROMGRR OB AN 3 O EADFAERII TR, BARSHCAROERZRE L A SEEHER
BT, 4 EETOESOEEMBELNLSD, 4 B LORERICHT 2EMBSHEAROERERB LR ANRTORSbH DM,

FHRATF GPA AT PEHE
El3 0 0.5 1.0
gﬁ S (5 >60 50-60 <50
B KPS <70 70-80 90-100
w  RENED &) - &L
B REBEK >3 2-3 1
0 0.5 1.0
5 KPS <50 60 70-80
& ER/PR/HER? Triple _ ER/PR+
Subtype negative HER2—
F8 (37) 260 <60 -
o 0 0.5 1.0
¥ KPS <70 70 80
X
=

KPS : Karnofsky performance status

8] & SRS+WBRT # 99 flcLbiiz U7z, 2 4E2 D BT
HE ik SRS BAUABEE 319% 128 L€ SRS+ WRRT #f 19% (P=
0.040), 2 FEBOFIFRE T AERIT 48% 5% 33% (P=0.023)

~& WBRT DEMNC & DRI L A3, EFHIIHE
1202
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GPA A7 MST(B) BER(%)
0-1.0 3.02 254(14)
1.5-2.0 5.49 705(38)
2.5-3.0 9.43 713(40)
3.5-4.0 14.78 161( 9)
Over all 7.00 1833 (24F)
1.5 2.0 0-1.0 3.35 23( 6)
90-100 — 1.5-2.0 7.70 104 (26)
ER/PR— Triple 2.5-3.0 15.07 140(35)
HER2+ positive 3.5-4.0 25.30 133(33)
— — Over all 13.80 400 (24%)
1.5 2 0-1.0 3.13 76(36)
90 100 1.5-2.0 4,40 65(31)
2.5-3.0 6.87 50(24)
3.5-4.0 13.54 18( 9)
Over ali 5.36 209 (24%)

TH5PSILU Lo L O, 104 H vs 9.54 F
(P=0.71, HR=0.96) C&E»i% {, HHTI%, WBRT I35
IS & AR IRE T % I & & 5 DSHEERY e B 2 Rk
HoyHEFEboNT, A7 r 0 —%TAEHI2 L



FE(E) Study type JE5 RERIER SRR CR+PR(%) SD(%) mPFS(B) 0OS{A)
Hotta et al. (2004)'® Retrospective NSCLC 14 gefitinib 6(42) 8(58) 7.7 9.1
Namba et al. (2004) /9 Retrospective NSCLC 15 gefitinib 9(60) 2(13) 8.3
Ceresoli et al. (2004) 2 Prospectve  NSCLC 41 gefitinib (+WBRT) 4(10) 7(17) 3.0 5.0
Wu et al. (2007)2" Phase 1l NSCLC 40  gefitinib 15(38) 18(45) 9.0 15.0
Sperduto et al. (2013) 2 Phase I NSCLC 4t WBRT+SRS+erlotinib — - 4.8(CNS) 6.1
Welsh et al. (2013) 2 Phase 1I NSCLC (Total) 17  WBRT+erlotinib 14(53) 1(6) 82(CNS) 12.8
(EGFR mutaion—) 8 WBRT +erlotinib 6(75) 0{0) 5.2(CNS) 9.3
(EGFR mutaion+) 9 WBRT-+erlotinib 8(89) 0(0) 12.3(CNS) 19.}
Lin et al. (2009)% Phase Il 2B (HER2 [BfE) 242 lapatinib 15( 6) 88(37) 2.4 6.3
Bachelot et al. (2013)3" Phase I BLiE (HER2 1) 45 lapatinib-+capecitabine 24(53) 15(38) 5.5 17.0
HUFEC, SRS B BRI —DTH B L LT3, TRREORENR E LA RCT DR, gefitinib i3 carbo-

ERENESER IS
FE/MRRIAHIEIC T BPERE

2012 LERRNIGIE A 4 ¥ 2 4 ¥ CRINGBOE T, FEfk
PhORAER & A 2 VI AN U< 8tk
& LT O{LEEREED MG T H 545, (LR MiER -
R B R 20~40% LKL, TERDBEEAEIR (70~
93%) IC 155 1 B HUHE BRI E R L T3, ARk
TN T i EEEMEMIER % 45 9 5 JEANMINGH
LT, 77 F R &t 2 FIOF L (cisplatint
vinorelbine) ST 86 #il & B HEAIE (WBRT 30 Gy/10 Fr)
Brm 85 5 £ @ RCT 5% 39, J#MNEHZ(27% vs
33%, P=0.12), 6 FEFEHE(46% vs 40%), HFEWIR (24
W ovs 213, P=0.21)T#izdl, BEHBRos 4 2
ZIESETT (early) TH, MEHSH B\ G RITERE (delay) TH 4
I L v EREM L Tv 3, BYE, Chemotherapy
with or without radiosurgery for asymptomatic oligo brain
metastasis (NCT01301560) & LT WBRT % SRS (T &4
Z7:RCT bilkfipcd 5, W, WEREMRMEYISE peme-
trexed DSIMIRRE 1o L 43804 % 7R TG 033 B . SRR
IR % 4 3 2 P58 I AN MR 12 81 % cisplatin+
pemetrexed D I HIFRER (GFPCO7-01) CRIER - k4 5
O ZEIEE (41 .8%) AR & 10, Ortuzar & DG TIE
AEFT IR AHENIER O PRI PR & U TR o FE 44
7 pemetrexed % & L AT TH MBI  (3.2% vs
6.6%), MERDOY 27 2D TESAREMSEFEINT
VB

1 B W TH - 32 4544 (epidermal growth factor recep-
tor ; EGFR) @ F 1 & v %+ — X[ % Kl (thyrosine kinase
inhibitor ; TKI) T& % gefitinib(4 L v ¥ ®), erlotinib(¥
NERCYIZDBT, BRSSO TR gefitinib D INilE
BT 54050 43~60% IR 5 N 3520 dqiff o
Wu &% 40 ADNiRE o BIERAEHIC N T % gefitinib @
prospective study # T\, ZE2)H# 32%, RAHFIME 72%,
MENIRA: PR O H, ZEAFIIch Lt 154 H L3RE L T
Vw3 BEGFR EEFEEEE T 5 AEFOETIE MR
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platin+pacritaxel Jf F{LSHEE X b b EICELDRESE
¢ (73.7% vs 30.7%, P<0.001), SN FHINI(10.87
Hvs5.4% H, P<0.001) Z2iEHT 3 2 AR A7,
SAEFWR (30.54 3 vs 23,60 A, P=0.31) i3 fFiiEHshk
otz erlotinib % gefitinib FHIC EGFR MUE LR
AT BT IE AN 12 0 3 1 RAL3EWEE: D RCT
THYMEDFNE N, 2013 4£ 5 H I EGFR MR AR
/T 2EBEOINMIERRICN T 2 1 208K LT
FDA KB MG L /=, KPS 70 BLL, 4cm BT, 1~3{@®
IR %2 4§ 5 JEA AR 126 #cd LT WBRT+
SRS ##EHEFT — A & LT, TMZ & % \>¥E erlotinib @ =i
FERIBEHE T 5 RCT (RTOGO320) D SR ASHIAH 4 X
N7, WBRTHSRS #f &, WBRTHSRS+TMZ i,
WBRT+SRS+-erlotinib D 4 £ 13.44 A, 6.3%
H, 6.1 H &, WBRT+SRS BED KAl ic kX TMZ,
erlotinib % B/ L 72D RS RBTICS 2 50 L e o /e,
AEAEE, SSRGS THRIENE NS R LV L DD
(P=0.07), FHIZ &3 HBHKOMINTRADMET L7z
AfRIEMS R & N, — T, EGFRUBTEREZITL
7 WBRT & O o8 T PR SR < e = I A3
19, 12 A EMESN TR HD, MHRTFERZ BB U 7Es
HHRSHECH 5, BEECl, EGFR BfEFEREH T
3 WIIR I W LT 1 RKIBHRT BEGFR-TKI % fiff
{9 %~ &% platinum doublet % J5{T 9 B R E D, e
SEBEINIER 24 7 2 B & I U RNEI £ 46T T B R &
BT ToRke, L L EGFR BB LB
4, EGFR-TKI EEAFERTH 370, £EIREOIHL
TRETETRIFBKT T3 IE8R0EI 1 RDBWIT
QR E TR T A EMBE LW EEZ OGNS,
& 7o, IO DR RIS 1o W U C b EGFR-TKI
DS 25 X NS B OGRS a3,
EREREEAEE TS
HER?2 BiEETAEICH I 2R

Mo d 3 trastuzumab(N— FFUB) R LD &
F B E ORI X DTS O FRITBEE L 14,
1203



