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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) hasfailed.

Case presentation: In an effort to control brain metastases, three patients who had progression of HER2-positive breast
cancer after WBRT received the angi ogenesi s-inhibiting drug bevacizumab, ahumanized 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.
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1 Introduction

Breast cancer is the most common solid tumor malignancy in women, with the second highest mortality rate. Infiltrating
ductal carcinomaisthe most common type of breast cancer, accounting for 70-80% of cases, of which approximately 30%
are HER2 positive [, The oncogene HER2 is amember 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 . Tumors that express HER2 have been found to respond better to anthracycline-based
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chemotherapy ' °. 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 °.

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 patientswith HER2-positive breast
cancer [, 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®. Surgery minimally improves mortality and istypically only performed in patients
with lessthan 3 CNS lesions. Systemic chemotherapy isineffective because of failure to cross the blood brain barrier [,
Intrathecal chemotherapy, although useful in hematol ogic malignancies, has not been shown to increase overall survival in
solid tumors Y. Evidence has shown that the monoclonal antibody trastuzumab is also unable to enter the cerebrospinal
fluid * 1% 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 aphase I trial 2. This study, however, was closed
early due to excessive toxicity and lack of efficacy in the lapatinib plus topotecan arm 2.

Inthisreport, we present a series of patientswho 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 isa
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 .. 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

2.1Casel

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. |mmunohistochemistry 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
atota of five doses. After completion, imaging showed a complete response of her systemic disease. She was maintained
on trastuzumab. In September 2010, she devel oped 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, |apatinib 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 increasesin 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 |esions. She was started on bevacizumab 15 mg/kg every 3
weeksin May 2011.
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Figure 1. Patient 1: started
bevacizumab May 2011

Repeat imaging in August 2011 (Figure 1) showed significant improvement in her CNS disease, as well as symptomatic
relief of her neurologic symptoms. Her quality of lifeimproved significantly. The patient was again scheduled for an MRI
in November 2011 (Figure 1), which revealed dightly larger lesions and no evidence of new metastases. She was
continued on bevacizumab since she was till asymptomatic at that time. However, her condition worsened, and she
expired in December 2011 after a25-month overall survival from diagnosis of breast cancer. She survived 14 months with
brain metastases, and CNS disease was controlled on bevacizumab for 6 months.

2.2 Case 2

Patient 2 (Figure 2) was diagnosed with a T3NOMO infiltrating moderately differentiated ductal carcinomain April 2003 at
55 years of age. Immunohistochemistry showed 3+ estrogen receptor (ER) positivity, 1+ progesterone receptor (PR)
positivity, and 3+ HER2/neu positivity. FISH was positive for HER2/neu amplification at aratio of 10.8. She underwent
lumpectomy followed by treatment with adjuvant radiation and chemotherapy with adriamycin and cytoxan for four cycles
and was placed on tamoxifen for 2 yearsfollowed by anastrozole for 3 years. She did well until May 2008 when she began
experiencing lumbar spine and hip pain. She was found to have extensive lytic bone lesions involving the entire spine,
multiple ribs, and bilateral pelvis. Biopsy of a pelvic lesion proved to be ER/PR-negative, HER2/neu-positive metastatic
breast carcinoma. She was started on systemic therapy with paclitaxel, carboplatin, and trastuzumab. After 5 cycles,
restaging scans showed significant improvement in systemic disease. She continued on trastuzumab 6 mg/kg every 3
weeks, and lapatinib 1250 mg daily was added.

The patient began having headaches in August 2009, and MRI of the brain showed multiple enhancing lesions consistent
with metastatic disease. She underwent WBRT and initially had good response with decreased size and number of lesions,
as shown by an MRI in December 2009 (not shown). MRI remained stable until June 2010 when the lesions showed
progression. She underwent stereotactic radiosurgery to those lesions that were felt to be causing the most symptoms.
However, in February 2011 (Figure 2), MRI of the brain again showed increased tumor size with surrounding edema. The
patient was started on bevacizumab 15 mg/kg every 3 weeks. Repeat imaging in April 2011 showed adecrease in the size
of brain metastases and no new lesions (Figure 2). Imaging in July 2011 showed decreased prominence of the
infratentorial lesions and no new lesions (not shown). In January 2012, her MRI showed increased size of lesions but no
new lesions (not shown). However, she began to develop short-term memory loss in February 2012 and MRI at that time
showed further increase in size of the metastases (Figure 2). Bevacizumab therapy was discontinued in March 2012 given
the evidence of disease progression. She expired in April 2012 after a 108-month overall survival from diagnosis of breast
cancer. She survived 32 months with brain metastases, which were controlled on bevacizumab for 13 months.
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Figure 2. Patient 2: started
bevacizumab February 2011

2.3 Case 3

Patient 3 (Figure 3) was diagnosed with a 1.1-cm infiltrating ductal carcinoma with metastasisto 1 of 6 lymph nodesin
April 2001 at 36 years of age. Immunohistochemistry showed 2+ ER positivity, 1+ PR positivity, and 3+ HER2/neu
positivity. FISH was positive for HER2/neu amplification at a ratio of 6.73. She underwent mastectomy and received
adjuvant cyclophosphamide, doxorubicin, and 5-fluorouracil until November 2001. She was briefly on tamoxifen and then
leuprolide, which had to be stopped secondary to menopausal symptoms. She began to have gait disturbance and
headaches in August 2007 and was found to have a biopsy-proven metastatic brainstem lesion that was not amenable to
surgery. She underwent fractionated stereotactic radiation but developed recurrent disease to the same area in June 2008.
Thisrecurrence was treated with repeat fractionated stereotactic radiation. Imaging at that time showed no other metastatic
disease. After completion of radiation, she was started on lapatinib 1250 mg daily. CT imaging remained stable until
November 2008 when the pontinelesion grew and two new lesions were found. She underwent stereotactic radiosurgery to
the larger lesion and was asymptomatic on steroids. In early 2009, capecitabine 1000 mg twice daily for 2 weekson and 1
week off was added to lapatinib 1250 mg daily.

March 2011 January 2011 September 2009

Figure 3. Patient 3; started
bevacizumab August 2009

In July 2009, she began having vision changes and extreme fatigue and myopathy felt to be steroid induced. Imaging
showed a slight increase in the size of the pontine metastasis. In August 2009, the patient was started on bevacizumab 10
mg/kg every 3 weeks in addition to lapatinib. Capecitabine was stopped. By September 2009, the patient had significant
improvement in her neurologic symptoms, and her MRI showed no progression (Figure 3). Her CNS disease remained
stable until March 2010. In July 2010 (Figure 3), while on bevacizumab and lapatinib, there was slight improvement in
metastatic lesions by MRI. The lesions remained stable until March 2011 (Figure 3).
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In May 2011, the patient began to have diplopia and dysphagia and was found to have leptomeningeal disease, which was
treated with intrathecal liposomal cytarabine (DepoCyt®). Her condition worsened and she expired in May 2011 after a
121-month overall survival from diagnosis of breast cancer. She survived 45 months with brain metastases, and her CNS
disease was controlled on bevacizumab for 19 months.

3 Discussion

The need for investigational agents with CNS bioavailability is clear. The risk for brain metastases is becoming an
increasing problem with improved survival and systemic disease control through the use of targeted agents. Brain
metastasis from HER2-positive breast carcinoma represents a subset of patients who will have a better response to an
anti-VEGF regimen, as seen in the above cases. Bevacizumab received accelerated approval for treatment of metastatic
breast cancer in February 2008 ™. It lost this indication on November 18, 2011, when additional trials failed to show
improved survival benefit '+, Thistherapy could, however, have potential to slow down tumor growth and proliferation,
which was seen in our three patients. Other studies have similarly shown that bevacizumab can be used safely in specific
patient populations " 28,

Thethree patients discussed in thisreport (Figure 4) showed clinical improvement and documented radiological regression
of tumor growth after WBRT on bevacizumab for 6, 13, and 19 months, respectively, which is essentially unheard of in
this population. After diagnoses of brain metastases, patient 1 survived for 14 months, patient 2 survived for 32 months,
and patient 3 survived for 45 months. The overall survival frominitial diagnosis of breast cancer for these patients was 25,
108, and 121 months, respectively.

50
40
Hpatient 1
B patient 2
| HPpatient 3

B Average survival with
WBRT

Survival from diagnosis  Months of control on
Figure 4. Summary of patient of cerebral metastases in Bevacizumab

survival oot

4 Summary

The above cases demonstrate improved overall survival and morbidity benefits with the use of bevacizumab in
conjunction with HER2-targeted therapy. Since the advent of more recent HER2-targeted treatments, patients like those
illustrated in our study have shown improved control of systemic disease, with their prognosis being limited only by the
presence of CNS metastases. Given the limited options for control of CNS disease, VEGF inhibitor therapy should be
considered after other options have failed. The benefits of bevacizumab outweigh the risks in these individuals who have
such poor prognosis. The above cases suggest the need for a prospective clinical trial of bevacizumab with HER2-targeted
therapy in this subset of patients with controlled systemic disease, uncontrolled brain metastases, and HER2/neu-positive
breast cancer.
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