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Abstract Bevacizumab is effective for the treatment of

non-small cell lung cancer (NSCLC). Ongoing trials are

exploring the safety of bevacizumab in patients with

inactive, previously treated brain metastases. However,

bevacizumab safety and efficacy in the treatment of active

brain metastases is unknown. Bevacizumab received

accelerated FDA approval for progressive glioblastoma, a

primary brain tumor, because of high response rates and

low incidence of intracranial hemorrhage. We retrospec-

tively identified patients treated with bevacizumab for

active (treatment naı̈ve or progressive) central nervous

system (CNS) metastases from NSCLC. MRI scans per-

formed at least 6 weeks after initiating bevacizumab were

assessed for response. There were six patients, four women

and two men with a median age of 60 years (range 59–77)

at initiation of bevacizumab. Five patients had progressive

CNS metastases despite prior treatment including surgery,

radiotherapy, and/or chemotherapy; one patient had treat-

ment-naı̈ve brain metastases. Two patients had leptome-

ningeal metastases, isolated or coexistent with parenchymal

brain metastases in one patient each. Bevacizumab was

administered alone to one patient and in combination with

various cytotoxic chemotherapies in the others. Toxicity

included an asymptomatic (Grade 1) intra-tumoral hemor-

rhage which occurred in one of three patients receiving

concurrent anticoagulation with bevacizumab. There was no

recurrent CNS bleeding in two patients with a prior history

of such hemorrhage. Best CNS response (RECIST) was

partial in two, stable disease in three, and progression in one.

Median progression-free survival (PFS) was 7.8 months and

median overall survival (OS) was 14.1 months following

initiation of bevacizumab. Clinical benefit was also

observed in the form of improved symptoms and reduced

corticosteroid requirements. Bevacizumab should be used

with caution in patients with active CNS metastases pending

additional safety data. This series suggests bevacizumab

may be safe and effective for progressive brain metastases

from NSCLC and deserves further study.
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Brain metastases � Bevacizumab � Radiotherapy �
Chemotherapy

Introduction

Treatment options are limited for patients with brain

metastases from non-small cell lung cancer (NCSLC).

Bevacizumab is a monoclonal antibody that binds VEGF-b,

inhibiting angiogenesis. It is used in the treatment of

multiple tumor types including NCSLC. Concerns about
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the risk of intracranial hemorrhage initially precluded use

in patients with brain metastases. However, bevacizumab

recently gained accelerated FDA approval for progressive

primary brain tumors (glioblastoma) with a low rate

(approximately 3%) of intratumoral hemorrhage [1].

Recent data suggest bevacizumab is safe in patients with

treated, quiescent NSCLC brain metastases [2–5]. There

are also anecdotal retrospective reports of bevacizumab

given with therapeutic intent for brain metastases from

breast [6] and colorectal [7] cancers. However, safety and

efficacy in patients with active (progressive or untreated)

central nervous system (CNS) metastases from NSCLC are

unknown. Therefore, we retrospectively identified six

patients with active CNS metastases from NCSLC and

report results.

Methods

Using Institutional Review Board approved departmental

databases, we retrospectively identified patients treated

with bevacizumab-containing chemotherapy regimens for

active CNS metastases, either untreated or progressive after

at least one prior therapy. MRI scans to assess CNS

radiographic response (RECIST) were reviewed by two

neuro-oncologists (KCD, ABL) and discrepancies adjudi-

cated by a neuro-radiologist (AIH). Survival was calculated

by the Kaplan–Meier method. Clinical data was updated as

of 12/21/2009.

Results

Patients

There were four women and two men (Table 1) with a

median age of 60 years (range 59–77) at initiation of

bevacizumab. Five patients had 1 to[10 brain metastases,

one of whom had coexistent leptomeningeal metastases;

one had isolated leptomeningeal disease. One patient had

treatment-naı̈ve brain metastases and five had progressive

CNS disease despite prior surgery (n = 2), whole brain

radiotherapy (n = 3), stereotactic radiosurgery (n = 2),

and chemotherapy with temozolomide (n = 2), pemetr-

exed (n = 2), and intrathecal cytarabine (n = 1). Bev-

acizumab was administered as monotherapy to one patient

and was combined with other agents in five.

Efficacy

Best CNS response was partial (Fig. 1) in two, stable dis-

ease (Fig. 2) in three, and progression in one. The radio-

graphic response rate was 33% (2/6) and the disease

control rate (complete/partial response ? stable disease)

was 83% (5/6). At initiation of bevacizumab, 5 patients had

co-existent extra-CNS metastases; best response extracra-

nially was stable disease in 4 (80%) and progression in 1

(20%). Of note, both patients with progressing extra-CNS

disease at initiation of bevacizumab stabilized. After ini-

tiating bevacizumab, the median progression-free survival

(PFS) was 7.8 months and the median overall survival

(OS) was 14.1 months. Two of four patients who were

neurologically symptomatic at baseline improved during

bevacizumab-based therapy, and two of three were able to

reduce corticosteroid dependence. Reasons for discontin-

uation of bevacizumab included toxicity (1), medical

comorbidities precluding further therapy (1), CNS pro-

gression only (2), non-CNS progression only (1), and both

CNS and non-CNS progression (1).

Toxicity

Major bevacizumab related toxicity included chronic skin

ulceration at the site of a pilonidal cyst, pulmonary

embolus, and asymptomatic (Grade 1) CNS hemorrhage in

one patient each. The hemorrhage occurred in one of three

patients receiving concurrent therapeutic anticoagulation

with bevacizumab. There was no recurrent bleeding in two

patients with a prior history of CNS hemorrhage.

Discussion

Hemorrhage into a previously unrecognized intracranial

lesion in a patient with hepatocellular carcinoma on a

phase I study of bevacizumab led to safety concerns in

patients with CNS disease [8]. A Phase II trial of bev-

acizumab for NSCLC also reported intracranial hemor-

rhage in patients developing cerebral metastasis during

treatment, although the incidence was\1% (3 of 427) [9].

Subsequently, screening brain imaging became routine,

and clinical trials of bevacizumab excluded patients with

brain metastases. These events also led to reluctance to use

bevacizumab in patients with brain metastases.

However, further experience treating patients with pri-

mary or metastatic brain tumors revealed that intracranial

hemorrhage was rare. Subsequently, eligibility criteria for

clinical trials of extracranial solid tumors were relaxed,

allowing patients with previously treated, but inactive,

brain metastases to participate. For example, the PASS-

PORT (A Study of Bevacizumab in Combination With

First- or Second-Line Therapy in Subjects with Treated

Brain Metastases Due to Non-Squamous NSCLC,

AVF3752g) and ATLAS (Avastin and Tarceva in Lung

with NSCLC, AVF3671g) studies permitted accrual of

patients with stable, treated cerebral metastases. There
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were no grade C2 cerebral hemorrhages in 106 patients

with brain metastases who received bevacizumab in

PASSPORT [2] and 1 of 25 patients in ATLAS [3].

An analysis of data from multiple trials encompassing

over 10,000 patients with various primary cancers also

demonstrated no significant increase in the risk of intra-

cranial hemorrhage in 639 patients with documented brain

metastases treated with bevacizumab [5]. Another study

also confirmed that the risk of cerebral hemorrhage into

incidental or quiescent metastases did not significantly

increase when bevacizumab was administered [4].

However, the efficacy and safety of bevacizumab used

with therapeutic intent for active brain metastases, as

opposed to treated and inactive CNS disease, is unknown.

All of our patients had active CNS disease. Toxicity was

consistent with expected events from bevacizumab, but

there was no grade C2 CNS hemorrhage despite a prior

history of spontaneous hemorrhage in two patients and

therapeutic anticoagulation in three. Concurrent anticoag-

ulation and bevacizumab also has reported safety in

patients with glioma [10].

Although the disease control rate in our series was high

(83%), conclusions regarding efficacy are limited by our

small size and because reduced contrast enhancement on

MRI in patients with brain tumors may not reflect a true

tumor response [1, 11] (Fig. 2). However, radiographic

disease control was associated with neurologic improvement

and reduced corticosteroid dependence, both clinically

meaningful benefits. In addition, one patient with leptome-

ningeal metastases lived for over one year and the other for

close to five months, exceeding the median survival of

approximately two months for that disease [12].

Bevacizumab should be used with caution in patients

with active CNS metastases pending additional safety data.

However, our series suggests that bevacizumab adminis-

tered with therapeutic intent for treatment of active CNS

metastases may be effective safe and effective, especially

for small lesions that are less likely to hemorrhage [13].

Fig. 2 Stable disease (patient 1 in Table 1). (a) Gadolinium-

enhanced T1-weighted MRI of the brain 13 days prior to commence-

ment of treatment with bevacizumab demonstrated a brightly

enhancing metastasis in the right quadrigeminal plate. (b) Two

months following commencement of bevacizumab monotherapy, the

lesion is unchanged in size; however, it demonstrates essentially no

enhancement. Enhancement of the choroid plexus in the temporal

horns of the lateral ventricles demonstrates that the contrast dose was

adequate. (c) Following radiological stability in the interim, the MRI

performed over 11 months after commencement of bevacizumab

demonstrated a slight increase in the size of the metastasis with new

peripheral enhancement

Fig. 1 Partial response (patient 2 in Table 1). (a) Gadolinium-

enhanced T1-weighted MRI of the brain 16 days prior to commence-

ment of treatment with bevacizumab demonstrated a metastasis

involving the left side of the pons with leptomeningeal spread along

the fifth cranial nerve. (b) The fluid attenuation inversion recovery

(FLAIR) sequence demonstrated extensive associated edema. Multi-

ple follow up scans demonstrated almost complete resolution of the

enhancement (c) and edema (d)

446 J Neurooncol (2010) 100:443–447
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Further study of bevacizumab is warranted in NSCLC and

other solid tumors such as breast [6] and colorectal [7]

cancers in which bevacizumab has extra-CNS activity.
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