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Abstract 
Introduction: Brain metastases are diagnosed in approximately 6% to 16% of all metastatic breast cancer patients. The 
incidence of brain metastases is much higher for patients with human epidermal growth factor receptor 2 (HER2)-positive 
breast cancers, in the range of 25% to 34%. More patients are presenting with uncontrolled brain metastases since 
trastuzumab-based therapy has improved survival in this population. However, treatment options in these patients are 
limited after whole brain radiation therapy (WBRT) has failed.  

Case presentation: In an effort to control brain metastases, three patients who had progression of HER2-positive breast 
cancer after WBRT received the angiogenesis-inhibiting drug bevacizumab, a humanized monoclonal antibody against the 
vascular endothelial growth factor (VEGF) ligand. The patients showed clinical improvement and regression of tumor 
growth. After initial diagnosis of brain metastases, patient 1 survived 14 months, patient 2 survived 32 months, and patient 
3 survived 45 months. Bevacizumab controlled brain metastases for 6, 13, and 19 months, respectively, after progression 
on WBRT. 

Conclusion: This subset of patients with brain metastases and HER2/neu-positive breast cancer clearly responded to an 
anti-VEGF regimen, suggesting the need for a prospective clinical trial of bevacizumab with lapatinib or other 
HER2-targeted therapy in this patient group. 

Key words 
HER2-positive breast cancer, CNS metastasis, Brain metastasis, Lapatinib, Bevacizumab 

1 Introduction 
Breast cancer is the most common solid tumor malignancy in women, with the second highest mortality rate. Infiltrating 
ductal carcinoma is the most common type of breast cancer, accounting for 70-80% of cases, of which approximately 30% 
are HER2 positive [1]. The oncogene HER2 is a member of the epidermal growth factor receptor family and is responsible 
for epithelial cell growth, proliferation, and angiogenesis [2]. HER2 over-expression is useful for determining candidates 
for targeted therapy [3]. Tumors that express HER2 have been found to respond better to anthracycline-based 
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chemotherapy [4, 5]. Trastuzumab (Herceptin®) is a monoclonal antibody that inhibits the HER2/neu receptor. Since the 
advent of HER2/neu receptor inhibitors like trastuzumab, patients with HER2-positive breast cancer are doing as well as 
their counterparts with HER2-negative disease [6].  

In addition to the high incidence and mortality rate associated with breast cancer, it is also the second most common cause 
of brain metastases, with melanoma having the highest propensity for spread. Brain metastases are diagnosed in 
approximately 6% to 16% of all metastatic breast cancer patients and in 25% to 34% of patients with HER2-positive breast 
cancer [7]. With the significant improvements and control of systemic disease from HER2/neu receptor-based therapy, 
patients are surviving longer but increasingly presenting with uncontrolled brain metastasis. Options are very limited in 
patients who have central nervous system (CNS) involvement. Whole brain radiation therapy (WBRT), the current 
standard of care, has only been found to prolong life expectancy by 4-6 months compared with 1-2 months for brain 
metastases treated with steroids alone [8]. Surgery minimally improves mortality and is typically only performed in patients 
with less than 3 CNS lesions. Systemic chemotherapy is ineffective because of failure to cross the blood brain barrier [9, 10]. 
Intrathecal chemotherapy, although useful in hematologic malignancies, has not been shown to increase overall survival in 
solid tumors [11]. Evidence has shown that the monoclonal antibody trastuzumab is also unable to enter the cerebrospinal 
fluid [9, 10]. Another HER2-targeting tyrosine kinase inhibitor, lapatinib, has shown some evidence of superiority with 
regard to progression of brain metastases when used with adjuvant in a phase II trial [12]. This study, however, was closed 
early due to excessive toxicity and lack of efficacy in the lapatinib plus topotecan arm [12]. 

In this report, we present a series of patients who had progression of HER2-positive breast cancer after WBRT. Since these 
patients had well-controlled systemic disease, the prognosis was driven by the lack of control of their CNS metastases. We 
made the clinical decision to treat with bevacizumab after standard of care had failed in these patients. Bevacizumab is a 
humanized monoclonal antibody against the vascular endothelial growth factor (VEGF) ligand, which acts to inhibit 
angiogenesis. Bevacizumab was approved for treatment of metastatic breast cancer at the time of our study; however, in 
2011, it lost FDA approval after failing to show survival benefit and causing significant adverse events of hemorrhage and 
hypertension. It is currently approved for metastatic colon or renal cell cancers, locally advanced, recurrent, and metastatic 
non-small cell lung cancer, and recurrent glioblastomas [13]. In the three cases described here, bevacizumab resulted in 
improved quality of life, tumor regression, and increased overall survival in patients with brain metastases from 
HER2/neu-positive breast cancer.  

2 Case presentation 

2.1 Case 1 
Patient 1 (Figure 1) was diagnosed with metastatic hepatic lesions in November 2009 at age 36. A breast biopsy at that 
time was consistent with a poorly differentiated 2.5 cm infiltrating ductal carcinoma. Immunohistochemistry showed 
estrogen receptor (ER)/progesterone receptor (PR) negativity and 3+ HER2/neu positivity. Fluorescence in situ 
hybridization (FISH) was positive for HER2/neu amplification at a ratio of 6.73. Liver biopsy confirmed metastatic 
disease from a breast primary. She was started on paclitaxel, carboplatin, and trastuzumab, which were discontinued after 
one cycle secondary to hospitalization for bacteremia. Treatment was then switched to nabpaclitaxel with trastuzumab for 
a total of five doses. After completion, imaging showed a complete response of her systemic disease. She was maintained 
on trastuzumab. In September 2010, she developed headaches and ataxia; magnetic resonance imaging (MRI) of the brain 
in October 2010 showed metastases that were too numerous to count (Figure 1). At this time, she received WBRT. In 
November 2010, lapatinib 1250 mg daily was added to trastuzumab 6 mg/kg every 3 weeks. A repeated brain imaging in 
February 2011 showed a decrease in the size of the metastases, but another MRI in April 2011 showed increases in the size 
and number of lesions (not shown), and the patient underwent WBRT a second time. However, MRI in June 2011  
(Figure 1) did not show radiographic response of the metastatic lesions. She was started on bevacizumab 15 mg/kg every 3 
weeks in May 2011. 



www.sciedu

Published by

 

 

 

 

 

 
Figure 1.
bevacizum

Repeat ima
relief of he
in Novemb
continued 
expired in D
brain metas

2.2 Cas
Patient 2 (F
55 years o
positivity, a
lumpectom
and was pla
experiencin
multiple rib
breast carc
restaging s
weeks, and

The patient
with metas
as shown b
progression
However, i
patient was
of brain m
infratentori
new lesion
showed fur
the evidenc
cancer. She

u.ca/jst                

y Sciedu Press   

 Patient 1: star
mab May 2011

aging in Augus
r neurologic sy
ber 2011 (Figu
on bevacizum
December 201
stases, and CN

se 2 
Figure 2) was d
of age. Immuno
and 3+ HER2/

my followed by 
aced on tamoxi
ng lumbar spin
bs, and bilatera
cinoma. She w
scans showed s
d lapatinib 1250

t began having
tatic disease. S
by an MRI in 
n. She underw
in February 20
s started on bev
metastases and
ial lesions and 
s (not shown). 
rther increase in
ce of disease pr
e survived 32 m

                          

                         

rted 
 

st 2011 (Figure
ymptoms. Her q
ure 1), which 
ab since she w
1 after a 25-mo

NS disease was 

diagnosed with 
ohistochemistr
/neu positivity.
treatment with
ifen for 2 years
ne and hip pain
al pelvis. Biops

was started on 
significant imp
0 mg daily was

g headaches in 
She underwent 

December 200
went stereotacti

11 (Figure 2), M
vacizumab 15 m
d no new lesi

no new lesion
However, she 
n size of the m
rogression. She
months with br

                        

                          

e 1) showed sig
quality of life i
revealed sligh

was still asymp
onth overall sur
controlled on b

a T3N0M0 inf
ry showed 3+ 
 FISH was pos

h adjuvant radia
s followed by a
n. She was fou
sy of a pelvic l
systemic thera
provement in s
s added. 

August 2009, a
WBRT and ini
09 (not shown
c radiosurgery
MRI of the bra
mg/kg every 3 
ons (Figure 2

ns (not shown).
began to deve

metastases (Figu
e expired in Ap
rain metastases

                         

                         

gnificant impro
improved signi
htly larger les
ptomatic at tha
rvival from dia
bevacizumab f

filtrating moder
estrogen recep

sitive for HER2
ation and chem
anastrozole for 
und to have ex
lesion proved t
apy with pacli
systemic disea

and MRI of the
itially had good

n). MRI remain
y to those lesio
ain again showe
weeks. Repeat

2). Imaging in
 In January 20

elop short-term
ure 2). Bevaciz
pril 2012 after a
s, which were c

                      Jo

                          

ovement in her
ificantly. The p
ions and no e
at time. Howe
agnosis of brea
for 6 months. 

rately different
ptor (ER) posi

R2/neu amplific
motherapy with 

3 years. She di
xtensive lytic b
to be ER/PR-n
itaxel, carbopla
ase. She contin

e brain showed
d response with
ned stable unti
ons that were f
ed increased tu
t imaging in Ap

n July 2011 s
012, her MRI s

m memory loss 
zumab therapy 
a 108-month ov
controlled on b

ournal of Solid T

                          

r CNS disease,
patient was aga
evidence of ne
ever, her cond
ast cancer. She 

tiated ductal ca
itivity, 1+ pro

cation at a ratio
adriamycin an
id well until M

bone lesions inv
negative, HER2
atin, and trastu
nued on trastuz

d multiple enha
h decreased siz
il June 2010 w
felt to be caus
umor size with 
pril 2011 show

showed decrea
showed increas
in February 20
was discontinu
verall survival 

bevacizumab fo

Tumors, 2013, V

                         

, as well as sym
ain scheduled f
ew metastases
ition worsened
survived 14 mo

arcinoma in Ap
ogesterone rece
o of 10.8. She u
nd cytoxan for f

May 2008 when 
volving the en
2/neu-positive 
uzumab. After
zumab 6 mg/k

ancing lesions 
ze and number 
when the lesion
ing the most s
surrounding ed

wed a decrease 
ased prominen
sed size of lesio
012 and MRI a
ued in March 2
from diagnosi

or 13 months.

Vol. 3, No. 4 

                         3

 

mptomatic 
for an MRI 
. She was 
d, and she 
onths with 

pril 2003 at 
eptor (PR) 
underwent 
four cycles 
she began 

ntire spine, 
metastatic 

r 5 cycles, 
kg every 3 

consistent 
of lesions, 
ns showed 
symptoms. 
dema. The 
in the size 

nce of the 
ons but no 

at that time 
2012 given 
is of breast 



w

4

P
A
p
a
l
h

T
d
N
t
w

I

m
i

m

www.sciedu.ca/j

4

 

 

 

 

 

 

Figure 2. Pat
bevacizumab

2.3 Case 
Patient 3 (Figu
April 2001 at 
positivity. FIS
adjuvant cyclo
leuprolide, wh
headaches in A
surgery. She u
This recurrenc
disease. After 
November 200
the larger lesio
week off was a

 

 

 

 

 

 
Figure 3. Pat
bevacizumab

In July 2009, 
showed a sligh
mg/kg every 3
improvement i
stable until Ma
metastatic lesio

jst                       

tient 2: started 
b February 201

3  
ure 3) was diag
36 years of ag

SH was positiv
ophosphamide, 
hich had to be
August 2007 an
underwent fract
e was treated w
completion of

08 when the pon
on and was asym
added to lapatin

tient 3: started 
b August 2009 

she began hav
ht increase in th
 weeks in addi
in her neurolog
arch 2010. In J
ons by MRI. T

                         

1 

gnosed with a 
ge. Immunohi

ve for HER2/ne
doxorubicin, a

e stopped seco
nd was found t
tionated stereot
with repeat frac
f radiation, she
ntine lesion gre
mptomatic on 
nib 1250 mg d

ving vision cha
he size of the p
ition to lapatin
gic symptoms,
July 2010 (Fig

The lesions rem

                         

1.1-cm infiltra
stochemistry s
eu amplificatio
and 5-fluoroura
ondary to men
to have a biops
tactic radiation

ctionated stereo
e was started o
ew and two new
steroids. In ear

daily. 

anges and extr
pontine metasta
nib. Capecitabin
, and her MRI 

gure 3), while o
mained stable un

                          

ating ductal car
showed 2+ ER
on at a ratio o
acil until Novem
nopausal symp
sy-proven meta
n but developed
otactic radiation
on lapatinib 12
w lesions were 
rly 2009, capec

reme fatigue an
asis. In August
ne was stopped
showed no pr

on bevacizuma
ntil March 201

                Journa

                      

rcinoma with m
R positivity, 1+

f 6.73. She un
mber 2001. She
ptoms. She be
astatic brainste
d recurrent dis
n. Imaging at th
250 mg daily. 
found. She und

citabine 1000 m

nd myopathy f
t 2009, the pati
d. By Septemb
rogression (Fig
ab and lapatinib
11 (Figure 3). 

al of Solid Tumo

         ISSN 1925-

metastasis to 1 
+ PR positivity
nderwent maste
e was briefly o

egan to have g
em lesion that 
ease to the sam
hat time showe
CT imaging r

derwent stereo
mg twice daily 

felt to be stero
ient was started

ber 2009, the p
gure 3). Her CN
b, there was sl

ors, 2013, Vol. 3

-4067   E-ISSN 19

of 6 lymph no
y, and 3+ HER
ectomy and re

on tamoxifen an
gait disturbanc
was not amena

me area in June
ed no other met
remained stabl
tactic radiosurg
for 2 weeks on

oid induced. Im
d on bevacizum
atient had sign
NS disease rem
light improvem

3, No. 4 

925-4075 

 

odes in 
R2/neu 
eceived 
nd then 
ce and 
able to 
e 2008. 
tastatic 
le until 
gery to 
n and 1 

 

maging 
mab 10 
nificant 
mained 
ment in 



www.sciedu

Published by

In May 201
treated with
121-month
disease wa

3 Disc
The need f
increasing 
metastasis 
anti-VEGF
breast canc
improved s
which was 
patient pop

The three p
of tumor gr
this popula
and patient
108, and 12

 

 

 

 

 

 

Figure 4.
survival 

4 Sum
The above
conjunction
illustrated i
presence o
considered 
such poor p
therapy in t
breast canc

u.ca/jst                

y Sciedu Press   

11, the patient b
h intrathecal li

h overall surviv
s controlled on

cussion 
for investigatio
problem with
from HER2-p

F regimen, as s
cer in February
survival benefit
seen in our thr

pulations [17, 18].

patients discuss
rowth after WB

ation. After dia
t 3 survived for
21 months, resp

 Summary of p

mmary 
e cases demon
n with HER2-t
in our study ha
f CNS metasta
after other opt

prognosis. The 
this subset of p

cer. 

                          

                         

began to have 
iposomal cytar
val from diagno
n bevacizumab 

onal agents w
h improved sur
ositive breast 
een in the abo
y 2008 [13]. It l
t [14-16]. This the
ree patients. Ot
. 

sed in this repor
BRT on bevac

agnoses of brain
r 45 months. Th
pectively. 

patient 

nstrate improv
targeted therap
ave shown imp
ases. Given the
tions have faile
above cases su

patients with co

                        

                          

diplopia and dy
rabine (DepoCy
osis of breast c
for 19 months

with CNS bioav
rvival and sys
carcinoma rep
ve cases. Beva
lost this indica
erapy could, ho
ther studies ha

rt (Figure 4) sh
izumab for 6, 
n metastases, p
he overall surv

ved overall su
py. Since the ad
proved control 
e limited optio
ed. The benefit
uggest the need
ontrolled system

                         

                         

ysphagia and w
yt®). Her cond

cancer. She surv
s.  

vailability is c
stemic disease
presents a subs
acizumab recei
ation on Novem
owever, have po
ave similarly sh

howed clinical i
13, and 19 mo
patient 1 surviv
ival from initia

urvival and mo
dvent of more 
of systemic di

ons for control 
ts of bevacizum
d for a prospect
mic disease, un

                      Jo

                          

was found to ha
dition worsened
rvived 45 mont

clear. The risk
e control throu
set of patients 
ived accelerate
mber 18, 2011
otential to slow

hown that beva

improvement a
onths, respectiv
ved for 14 mon
al diagnosis of 

orbidity benef
recent HER2-

isease, with the
 of CNS disea
mab outweigh 
tive clinical tri
ncontrolled bra

ournal of Solid T

                          

ave leptomenin
d and she expi
ths with brain m

k for brain met
ugh the use of
who will have

ed approval for
, when additio

w down tumor g
acizumab can b

and documente
vely, which is e
nths, patient 2 
breast cancer f

fits with the 
-targeted treatm
eir prognosis b
ase, VEGF inh
the risks in the
al of bevacizum
ain metastases,

Tumors, 2013, V

                         

ngeal disease, w
ired in May 20
metastases, and

tastases is bec
f targeted age
e a better respo
r treatment of 

onal trials faile
growth and pro
be used safely i

ed radiological 
essentially unh
survived for 3

for these patien

use of bevaci
ments, patients 
being limited o
hibitor therapy 
ese individuals 
mab with HER
, and HER2/ne

Vol. 3, No. 4 

                         5

which was 
011 after a 
d her CNS 

coming an 
ents. Brain 
onse to an 
metastatic 

ed to show 
oliferation, 
in specific 

regression 
heard of in 
32 months, 
nts was 25, 

 

izumab in 
like those 

only by the 
should be 
 who have 

R2-targeted 
eu-positive 



www.sciedu.ca/jst                                                                                                                    Journal of Solid Tumors, 2013, Vol. 3, No. 4 

                                ISSN 1925-4067   E-ISSN 1925-4075 6

Acknowledgements 
We thank Rasa Hamilton (Moffitt Cancer Center) for editorial assistance. 

References 
[1] Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J Clin. 2010; 60: 277-300. 

http://dx.doi.org/10.3322/caac.20073 
[2] Klapper LN, Glathe S, Vaisman N, Hynes NE, Andrews GC, Sela M, et al. The ErbB-2/HER2 oncoprotein of human carcinomas 

may function solely as a shared coreceptor for multiple stroma-derived growth factors. Proc Natl Acad Sci USA. 1999; 96: 
4995-5000. PMid:10220407 http://dx.doi.org/10.1073/pnas.96.9.4995 

[3] Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, Keith DE, et al. Studies of the HER-2/neu proto-oncogene in human 
breast and ovarian cancer. Science. 1989; 244: 707-712. PMid:2470152 http://dx.doi.org/10.1126/science.2470152 

[4] Guarneri V, Giovannelli S, Ficarra G, Bettelli S, Maiorana A, Piacentini F, et al. Comparison of HER-2 and hormone receptor 
expression in primary breast cancers and asynchronous paired metastases: impact on patient management. Oncologist. 2008; 13: 
838-844. PMid:18650259 http://dx.doi.org/10.1634/theoncologist.2008-0048 

[5] Muss HB, Thor AD, Berry DA, Kute T, Liu ET, Koerner F, et al. c-erbB-2 expression and response to adjuvant therapy in women 
with node-positive early breast cancer. N Engl J Med. 1994; 330: 1260-1266. PMid:7908410 
http://dx.doi.org/10.1056/NEJM199405053301802 

[6] Taylor C, Hershman D, Shah N, Suciu-Foca N, Petrylak DP, Taub R, et al. Augmented HER-2 specific immunity during treatment 
with trastuzumab and chemotherapy. Clin Cancer Res. 2007; 13: 5133-5143. PMid:17785568 
http://dx.doi.org/10.1158/1078-0432.CCR-07-0507 

[7] Bendell JC, Domchek SM, Burstein HJ, Harris L, Younger J, Kuter I, et al. Central nervous system metastases in women who 
receive trastuzumab-based therapy for metastatic breast carcinoma. Cancer. 2003; 97: 2972-2977. PMid:12784331 
http://dx.doi.org/10.1002/cncr.11436 

[8] Suh JH: Stereotactic radiosurgery for the management of brain metastases. N Engl J Med. 2010; 362: 1119-1127. PMid:20335588 
http://dx.doi.org/10.1056/NEJMct0806951 

[9] Lai R, Dang CT, Malkin MG, Abrey LE. The risk of central nervous system metastases after trastuzumab therapy in patients with 
breast carcinoma. Cancer. 2004; 101: 810-816. PMid:15305414 http://dx.doi.org/10.1002/cncr.20418 

[10] Stemmler HJ, Schmitt M, Willems A, Bernhard H, Harbeck N, Heinemann V. Ratio of trastuzumab levels in serum and 
cerebrospinal fluid is altered in HER2-positive breast cancer patients with brain metastases and impairment of blood-brain barrier. 
Anticancer Drugs. 2007; 18: 23-28. PMid:17159499 http://dx.doi.org/10.1097/01.cad.0000236313.50833.ee 

[11] DeAngelis LM. Current diagnosis and treatment of leptomeningeal metastasis. J Neurooncol. 1998; 38: 245-252. PMid:9696379 
http://dx.doi.org/10.1023/A:1005956925637 

[12] Bachelot T, Romieu G, Campone M, Diéras V, Cropet C, Dalenc F, et al. Lapatinib plus capecitabine in patients with previously 
untreated brain metastases from HER2-positive metastatic breast cancer (LANDSCAPE): a single-group phase 2 study. Lancet 
Oncol. 12013; 4: 64-71.  

[13] Genentech: Bevacizumab package insert. San Francisco, Genentech, Inc, 2011. 
[14] Miles DW, Chan A, Dirix LY, Cortes J, Pivot X, Tomczak P, et al. Phase III study of bevacizumab plus docetaxel compared with 

placebo plus docetaxel for the first-line treatment of human epidermal growth factor receptor 2-negative metastatic breast cancer. J 
Clin Oncol. 2010; 28: 3239-3247. PMid:20498403 http://dx.doi.org/10.1200/JCO.2008.21.6457 

[15] Miller KD, Chap LI, Holmes FA, Cobleigh MA, Marcom PK, Fehrenbacher L, et al. Randomized phase III trial of capecitabine 
compared with bevacizumab plus capecitabine in patients with previously treated metastatic breast cancer. J Clin Oncol. 2005; 23: 
792-799. PMid:15681523 http://dx.doi.org/10.1200/JCO.2005.05.098 

[16] Miller K, Wang M, Gralow J, Dickler M, Cobleigh M, Perez EA, et al. Paclitaxel plus bevacizumab versus paclitaxel alone for 
metastatic breast cancer. N Engl J Med. 2007; 357: 2666-2676. PMid:18160686 http://dx.doi.org/10.1056/NEJMoa072113 

[17] Smith IE, Pierga JY, Biganzoli L, Cortes-Funes H, Thomssen C, Pivot X, et al. First-line bevacizumab plus taxane-based 
chemotherapy for locally recurrent or metastatic breast cancer: safety and efficacy in an open-label study in 2,251 patients. Ann 
Oncol. 2011; 22: 595-602. PMid:20819780 http://dx.doi.org/10.1093/annonc/mdq430 

[18] Biganzoli L, Di Vincenzo E, Jiang Z, Lichinitser M, Shen Z, Delva R, et al. First-line bevacizumab-containing therapy for breast 
cancer: results in patients aged>/=70 years treated in the ATHENA study. Ann Oncol. 2012; 23: 111-118. PMid:21444356 
http://dx.doi.org/10.1093/annonc/mdr043 


