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Metastatic breast cancer (MBC) is the second leading cause of cancer-
related death among women in the US, accounting for an estimated
40,480 deaths in 20081. Despite an overall reduction in breast

cancer deaths, improvements in survival for MBC have been relatively
modest, and new therapies are needed to improve outcomes in this patient
population2.

Angiogenesis plays an important role in the development, tissue invasion, and
metastasis of breast and other solid tumors3, 4. Both preclinical and clinical
evidence support the role of angiogenesis in breast cancer pathogenesis.
Preclinical studies indicate that angiogenesis precedes the transformation of
mammary hyperplasia to malignancy, while in the clinical setting, markers of
angiogenesis in early stage breast cancer, such as high microvessel density,
have been correlated with metastasis and poor clinical outcome4.

The predominant mediator of tumor angiogenesis is vascular endothelial
growth factor (VEGF), an endogenous cytokine that stimulates endothelial
cells to proliferate and migrate from pre-existing vessels toward VEGF-
expressing tumors cells to form new vascular tubes. VEGF production is
driven primarily by hypoxia in the tumor microenvironment, but may also
be stimulated independently by acquired genetic mutations. Agents
specifically designed to target angiogenesis in cancer include monoclonal
antibodies that bind and sequester circulating VEGF, and small molecule,
orally administered tyrosine kinase inhibitors (TKIs) that disrupt intracellular
angiogenic signaling by binding competitively to the ATP binding sites on
VEGF receptors (primarily VEGFR-2; KDR) and related growth factors.

Clinical Evidence for Antiangiogenic Therapy for MBC
Monoclonal Antibodies
Bevacizumab (BV; Avastin®), a humanized monoclonal antibody against
VEGF, has been studied in combination with chemotherapy in metastatic
breast cancer. Taxanes, including both paclitaxel and docetaxel, have
been shown to be antiangiogenic in vitro and in vivo, and thus have been
preferentially selected for combination with specific VEGF inhibitors,
including BV, in Phase 3 clinical trials in MBC5, 6.

A landmark Phase 3 study, ECOG 2100, randomized 722 women with
previously untreated HER2-negative MBC to weekly paclitaxel alone or with
BV 10 mg/kg every other week7. The addition of BV roughly doubled medi-
an progression-free survival (PFS), from 5.9 mo. to 11.8. mo. (P<0.001).

Median overall survival (OS), however, was similar between the two groups—
25.2 mo. for single-agent paclitaxel vs. 26.7 mo. for BV plus paclitaxel
(P=0.16). Results from this study led to FDA approval in February 2008 of
BV in combination with weekly paclitaxel as first-line therapy for MBC.

At the June 2008 ASCO meeting, researchers presented initial efficacy and
safety data from a second Phase 3 study, AVADO, conducted in 736 patients
with HER2-negative, locally recurrent or MBC8. Patients in AVADO were
randomized to docetaxel (doc) plus placebo or doc plus either BV 7.5 mg/kg
or BV 15 mg/kg. At a median follow-up of 10.2 mo., median PFS was 8.0
mo. in the doc plus placebo group vs. 8.7 mo. in the doc plus BV 7.5 mg/kg
arm (HR=0.69) and 8.8 mo. in the doc plus BV 15 mg/kg arm (HR=0.61).
The response rates were 44%, 55% and 63% for the placebo, BV 7.5 mg/kg,
and BV 15 mg/kg arms, respectively. These data, despite being somewhat less
robust than ECOG 2100, provided confirmatory evidence for combining BV
with taxanes in MBC.

Other studies have evaluated BV in combination with alternative cytotoxic
agents. In a second-line Phase 3 trial involving 462 MBC patients, the
addition of BV 15 mg/kg to capecitabine significantly increased the objective
response rate (19.8% vs. 9.1%; P=0.001), but did not markedly improve
either PFS (4.9% vs. 4.2%) or OS (15.1 mo. vs. 14.5 mo.)9. A more recent
Phase 2 trial of capecitabine plus BV 15 mg/kg as first-line MBC therapy
produced a median time to disease progression of only 5.7 months10.
However, a subgroup analysis suggested a more favorable response in
the estrogen receptor-positive (ER+) population, with a median time-to-
progression of 8.9 mo10. The combination of BV and vinorelbine also
demonstrated activity in a Phase 2 trial in refractory advanced breast cancer,
with more than 6 responses observed out of 43 patients11. Ongoing studies,
including RIBBON-1 and RIBBON-2, which recently completed accrual,
will assess the safety and efficacy of BV plus taxanes, anthracyclines, and
capecitabine in the front- and second-line MBC settings, respectively.

Tyrosine Kinase Inhibitors
TKIs bind to receptors for VEGF, notably VEGFR-2, and other growth
factors with varying degrees of specificity. Numerous agents in this class
are under investigation for breast cancer and other tumor types, both as
monotherapy and in combination with chemotherapy or BV. While no
TKI has appeared clearly superior in MBC, the two agents furthest along
in clinical development are sunitinib (Sutent®) and sorafenib (Nexavar®),
both of which are approved for advanced kidney cancer. In a Phase 2 study,
single agent sunitinib produced partial responses (PR) in 7 of 64 (11%)
heavily pretreated MBC patients at 50 mg/daily12. Three Phase 3 studies are
evaluating sunitinib in combination with chemotherapy in both front-line
and refractory MBC settings. Single-agent sorafenib was administered to 23
women with previously treated MBC in a recent Phase 2 trial13. Although
the therapy was well tolerated, the trial was halted after the first phase due to
lack of response. Sorafenib is now being evaluated in several other Phase 2
MBC trials in combination with paclitaxel and other agents.

Anti-VEGF/HER2 Combination Therapy
Overexpression of human epidermal growth factor receptor type 2 (HER2)
occurs in about 20-25% of invasive breast carcinomas14. HER2 has been

shown experimentally to stimulate angiogenesis through upregulation of
VEGF, and is therefore of considerable interest as a therapy target in
combination with VEGF inhibitors14. BV was evaluated in combination
with the anti-HER2 monoclonal antibody trastuzumab (H; Herceptin®) in a
nonrandomized, open-label Phase 2 study in 50 women with HER2-positive,
locally recurrent, unresectable or MBC15. An interim analysis of 37 patients
showed an overall response rate of 54% with an acceptable safety profile.
Currently, at least two Phase 3 trials of BV plus H are planned or ongoing.
The Phase 3 Bevacizumab and Trastuzumab Adjuvant Therapy in HER2-
positive Breast Cancer (BETH) trial will randomize approximately 3,500
HER2-positive, node-positive or high-risk node-negative breast cancer
patients to receive chemotherapy plus H or chemotherapy plus H and BV.
Another Phase 3 trial, ECOG 1105, will explore the addition of BV to
first-line H-containing regimens in 490 women with HER2-positive MBC.

Anti-VEGF agents have also been combined with anti-HER2 TKIs. A
50-patient single-arm Phase 2 study explored the combination of BV and
lapatinib (Tykerb®), an oral dual inhibitor of HER2 and epidermal growth
factor receptor (EGFR)16. In this study, patients received lapatinib 1,500
mg/day plus BV 10 mg/kg every two weeks for 12 weeks. Among 16/21
evaluable patients at week 12, 3 had PR and 10 had stable disease (SD),
with 62% PFS. At week 24, 5/9 patients (56%) had clinical benefit, and 2
patients had continued PR at week 36. In another Phase 2 study, women
with HER2-positive MBC were randomized to receive daily lapatinib 1,500
mg (n = 72) or lapatinib 1,000 mg plus the anti-VEGFR TKI pazopanib 400
mg (n = 69) for 12 weeks17. Patients with stable or progressive disease at
week 12 could then go on H therapy. Among 114 patients for whom data
was available at week 12, 37% in the lapatinib monotherapy arm had
disease progression, compared with 16% in the combination arm (HR 0.41,
P=0.091). Response rates were 22% and 36% in the single-agent and
combination arms, respectively.

Metronomic Chemotherapy
Metronomic therapy involves the use of chemotherapeutic agents at regular,
frequent dosing schedules well below the maximum tolerated dose in order
to achieve an antiangiogenic rather than cytotoxic effect18. Several Phase 2
studies have evaluated metronomic schedules in breast cancer treatment.
In one study in MBC, the addition of BV 10 mg/kg to metronomic
cyclophosphamide and methotrexate (CM) was well tolerated and more than
doubled response, from 10% to 29% vs. CM alone19. Another Phase 2 trial
evaluated metronomic cyclophosphamide and capecitabine plus BV 10
mg/kg in 46 MBC patients20. An overall response rate of 48% was reported,
including 1 CR and 21 PR. The International Breast Cancer Study Group
Phase 3 trial 22-00 is randomizing patients with ER-negative disease to
extended adjuvant therapy with metronomic CM vs. observation, with the
primary endpoint of disease-free survival.

Safety of Antiangiogenic Therapy for MBC
Commonly observed toxicities associated with BV therapy include intermit-
tent headache, sinus congestion, and nosebleeds. Other less frequent adverse
events associated with BV include proteinuria, impaired wound healing,
and very infrequently (<2%) gastrointestinal perforation, thromboembolic
complications, stomatitis, and reversible posterior leukoencephalopathy. Side

effects from TKIs include diarrhea, fatigue, nausea,
stomatitis, hypertension and mucosal inflamma-
tion. Cutaneous toxicities have been well docu-
mented with sunitinib and sorafenib therapy,
including hand-foot skin reaction (acral erythema;
both agents), hair depigmentation (sunitinib), and
subungual splinter hemorrhages (both agents)21.
Additionally, patients receiving sunitinib may
require monitoring for development of hypothy-
roidism, reduced LVEF, and QT interval prolonga-
tion22, 23. Hypertension is the primary cardiotoxi-
city seen with all anti-VEGF therapy, and can
usually be effectively managed with medication
when treated early and aggressively.

Future Directions
Antiangiogenic therapy in breast cancer offers
significant promise, and multiple ongoing studies
are attempting to better define the optimal
treatment settings and agent selection. In the
adjuvant setting, ECOG 5103 is enrolling 5,000
women to evaluate the addition of BV to standard
anthracycline-based chemotherapy. Other studies
will assess the role of BV in the neoadjuvant and post-neoadjuvant settings.
For patients with ER+ disease, studies suggest an association between
endocrine resistance and tumor dependence on angiogenic pathways, imply-
ing a potential therapeutic benefit in combining endocrine therapy with anti-
VEGF agents24. The Cancer and Leukemia Group B will examine the poten-
tial benefit of combining BV with first-line endocrine therapy in a Phase 3
trial in MBC. There is also interest in combining BV with anti-VEGFR TKIs
for MBC, although early reports highlight the potential for increased toxici-
ties from such combinations25.

Finally, results from clinical trials highlight the diversity in response to anti-
VEGF therapy and suggest the need for improved selection of patient subsets
more likely to benefit from these treatments. The identification of biomarkers
for treatment response is one area of intense interest, although most research
to date has failed to find an association between tumor-specific markers, such
as VEGF expression and tumor mutations, and clinical response. However, a
tumor tissue analysis from ECOG 2100 identified certain VEGF genotypes
among patients that correlated with increased OS and also the development
of clinically significant hypertension26. These findings open further avenues
of research to explain the complex biological mechanisms underlying tumor
angiogenesis and anti-VEGF therapy that could translate into improved
outcomes for patients with breast and other cancers.
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From the Editor-in-Chief
The Angiogenesis Foundation is pleased to present this
issue of Targeting Tumor Angiogenesis focused on new
findings in advanced breast cancer. Two preeminent
experts, Dr. William Gradishar and Dr. Erica Mayer,
discuss the latest clinical evidence for antiangiogenic
treatments for advanced breast cancer and strategies for
optimizing therapy.
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