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Abstract: Approximately 30% of patients with breast cancer will develop metastatic breast disease. Metastatic
breast cancer is considered an incurable disease, with complete remission rarely achieved after treatment. The goal
of treatment for metastatic breast cancer patients is to increase overall survival time and delay disease progression
while ameliorating symptoms and improving or maintaining quality of life. Single-agent therapeutic regimens are
appropriate for most metastatic breast cancer patients. Patients with the luminal A subtype of breast cancer, which
is more indolent in nature and tends to be more sensitive to treatment in general, often respond well to single-
agent therapy. Several chemotherapy regimens are recommended for the treatment of metastatic breast cancer.
Compared with single-agent regimens, these combination regimens often produce a greater improvement in the
rate of objective response as well as a prolongation of progression-free survival. There is little evidence, however, of
improvement in overall survival. Combination chemotherapy regimens are often associated with a greater degree of
toxicity depending on schedules and doses used. The use of bevacizumab in metastatic breast cancer is currently a
topic of controversy. It is hoped that forthcoming trial data will enable the identification of a group of patients, based
on tumor biology, who could benefit from bevacizumab-based therapy.
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Introduction to Metastatic Breast Cancer

Hope S. Rugo, MD

etastatic breast cancer is a more treatable

disease than ever before. However, despite

advancements in patient management, this
advanced form of breast cancer is essentially universally
fatal—nearly every woman who either presents with or
develops metastases will eventually die from the disease.
Mortality is generally due to complications associated
with organ tumor infiltration.

Epidemiology

In 2010, it was estimated that 207,090 women would
be diagnosed with breast cancer.! In general, most
breast cancer patients present with earlier-stage disease.
Approximately 60% of patients are diagnosed with a
localized breast tumor, and 33% are diagnosed when
the tumor has spread to regional lymph nodes.? Thanks
to current improvements in surgery and adjuvant
therapy, the majority of women who are diagnosed and
treated for early-stage breast cancer will remain disease-
free. Unfortunately, even with the many therapeutic
advances currently implemented in clinical practice for
early-stage disease, approximately 30% of patients will
subsequently develop metastatic breast cancer.® These
patients tend to be younger and tend to present with
more locally advanced disease, although recurrence
can occur at any age. Approximately one-quarter of
patients with lymph node—negative breast cancer and
one-half with lymph node—positive breast cancer will
ultimately develop distant, recurrent disease.* Further, a
small proportion of patients remain undiagnosed until
they develop widespread disease—approximately 5% of
women are not diagnosed until they have already devel-
oped metastatic breast cancer.’

Prognosis

Many of the therapeutic advances made in the treat-
ment of metastatic breast cancer can be attributed to an
improved understanding of the underlying biology of
the disease, particularly better knowledge of the different
subtypes of breast tumors. For example, observance of
the genetic mutations present in metastatic breast cancer
(mutations identified from de novo disease and main-
tained through disease progression, as well as mutations
acquired over the course of progression) has provided a
better definition of the specific breast cancer subtypes.
Biologic differences in breast tumors can have important
implications for the course of the disease. Slow-growing
breast cancers tend to recur late, and they are more resis-
tant to chemotherapy but sensitive to hormone therapy.
Rapidly proliferating tumors tend to recur early and will
metastasize more frequently to visceral organs. Increased
understanding of these characteristics plays an important
role in guiding treatment decisions, including selection
of single versus combination agent regimens and the use
of targeted biologic agents.

One important and intriguing area of research in
metastatic breast cancer is mechanisms of disease resis-
tance. For example, patients who present with early-stage
breast cancer and then experience disease recurrence
have some tumor cell resistance to standard therapy that
was either present at the time of diagnosis or acquired
over time. Many of the goals of ongoing preclinical and
clinical investigations involve understanding the mecha-
nisms of this resistance and then trying to reverse the
effect. Ultimately, the goal would be to use these treat-
ments in the earlier disease setting in order to prevent
recurrence and progression to metastatic breast cancer.
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Metastatic breast cancer is considered an incurable
disease, with complete remission rarely achieved after treat-
ment. Once a patient has developed this advanced-stage of
disease, the median survival is approximately 24 months,
although significant variations exist with longer survival in
hormone-sensitive disease, and shorter survival in primary
chemotherapy resistance. Thus, the goal of treatment for
metastatic breast cancer patients is to increase patient overall
survival time and delay disease progression while ameliorat-
ing symptoms and improving or maintaining overall qual-
ity of life. This monograph will focus on important areas
in the current management of metastatic breast cancer,
focusing on the use of both single agents and combination
therapies. We will conclude with a discussion regarding
new directions for treatment of metastatic disease.
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Single-Agent Therapy in Metastatic

Breast Cancer

Joyce A. O’Shaughnessy, MD

n general, most metastatic breast cancer patients are well-

served with the use of single-agent therapeutic regimens.

Patients with the luminal A subtype of breast cancer,
which is more indolent in nature and tends to be more
sensitive to treatment in general, will often respond well
to single-agent therapy. This section will examine the data
supporting single agents and discuss how bone-targeting
agents can be used to prevent skeletal-related events.

Single-Agent Endocrine Therapies

For patients with hormone receptor—positive disease (either
estrogen receptor [ER] or progesterone receptor [PR]),
endocrine therapies are some of the most critical agents
for treatment. In general, these agents are administered as
single-drug regimens. However, there is some evidence to
support combined endocrine regimens, at least in premeno-
pausal patients. In a meta-analysis of 4 randomized clinical
trials by Klijn and colleagues,' which included a combined
total of 506 premenopausal women with advanced breast
cancer, a significant benefit in overall survival (OS) was
shown with the combination of tamoxifen plus a lutein-
izing hormone-releasing hormone (LHRH) agonist versus
an LHRH agonist alone (hazard ratio [HR], 0.78, stratified
log-rank test P=.02). Similarly, a benefit in progression-free
survival (PFS) was also reported (HR, 0.70, stratified log-

rank test P=.0003), as was an improved rate of response
(odds ratio: 0.67, stratified Mantel-Haenszel test P=.03).
Odutside of this analysis, there are no prospective, random-
ized data to conclusively support combination endocrine
therapy; thus, single-agent endocrine therapy is considered
the standard of care.

Aromatase inhibitors are the most effective endocrine
therapy for patients with ER/PR-positive metastatic breast
cancer. Robertson and colleagues recently reported impor-
tant long-term, follow-up data from the FIRST (Fulvestrant
First-Line Study) trial, a multicenter, randomized, open-
label, phase II study comparing the efficacy and safety of the
ER antagonist fulvestrant with anastrozole.? A total of 205
postmenopausal women with previously untreated hormone
receptor—positive locally advanced or metastatic breast cancer
were randomized to receive either fulvestrant or anastrozole,
which were administered until disease progression or any
other event that required treatment discontinuation. Patients
who had previously received endocrine therapy for advanced
disease were not included in the study. In the initial report,?
similar rates of clinical benefit (72.5% vs 67.0%, odds ratio:
1.30, 95% confidence interval [CI], 0.72-2.38; P=.386) and
objective response (36.0% vs 35.5%) were demonstrated
for fulvestrant and anastrozole, respectively. In that initial
analysis, the median time to progression (T'TP) was found to
be significantly prolonged among fulvestrant-treated patients
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compared with anastrozole-treated patients (not reached vs
12.5 months; HR, 0.63; 95% CI, 0.39-1.00; P=.0496). In
the updated analysis, a much larger proportion of patients
had progressed.> The median TTP was significantly pro-
longed in the fulvestrant arm compared with the anastrozole
arm (23.4 vs 13.1 months; HR, 0.66; 95% CI, 0.47-0.92;
P=.01). Importantly, this benefit in TTP was observed across
all prespecified patient subgroups, including age (<65 vs 265
years), receptor status (ER/PR-positive vs ER-positive or PR-
positive), visceral involvement (yes vs no), use of prior che-
motherapy (yes vs no), or evidence of measurable disease (yes
vs no). Further, patients in both treatment groups responded
similarly to subsequent endocrine therapy. These data justify
the first-line use of fulvestrant over aromatase inhibitors and
have the potential to change practice.

Chia and colleagues demonstrated that fulvestrant was
equivalent to exemestane in the setting of disease progres-
sion following treatment with a nonsteroidal aromatase
inhibitor. The EFECT (Evaluation of Faslodex versus
Exemestane Clinical Trial) trial was a double-blind, placebo-
controlled, multicenter, phase III trial that randomized 693
patients with hormone receptor—positive advanced breast
cancer to treatment with either fulvestrant or exemestane.*
All patients were postmenopausal and had experienced
disease progression or recurrence after treatment with a
nonsteroidal aromatase inhibitor; approximately 60% of
patients had received at least 2 prior endocrine therapies. In
both treatment groups, the median TTP was 3.7 months
(HR, 0.963, 95% CI, 0.819-1.133; P=.6531). In addition,
the overall response rate and clinical benefit rate were com-
parable between the treatment groups (overall response rate
of 7.4% with fulvestrant vs 6.7% with exemestane; P=.736
and clinical benefit rate of 32.2% with fulvestrant vs 31.5%
with exemestane; P=.853). Both agents were equally well
tolerated, with no significant difference in the frequency
of adverse events. A subanalysis subsequently reported that
both agents were also similarly active in patients with or
without visceral metastases.’

Antiandrogen agents are another important com-
ponent of endocrine therapy for metastatic breast can-
cer, especially as they have the potential to circumvent
androgen receptor-mediated resistance to ER blockade.
Fluoxymesterone has been associated with a great deal
of clinical benefit, particularly among patients with ER-
positive metastatic breast cancer that has a characteristically
indolent and long natural history. Ethinyl estradiol is a very
effective endocrine therapy to use in the late-line setting,
often offering excellent symptom palliation for patients.

Single-Agent Taxanes

Taxanes are considered the standard of care in meta-
static breast cancer.® Clinical studies suggest that tax-
anes are the most active single agents in the frontline
treatment of these patients.””

In a controlled, multicenter, open-label phase III
trial by Jones and colleagues, patients were randomized
to receive docetaxel 100 mg/m? (n=225) or paclitaxel
175 mg/m* (n=224) on day 1, every 21 days until tumor
progression, unacceptable toxicity, or withdrawal of con-
sent.'” Median OS was 15.4 months in the docetaxel arm
versus 12.7 months in the padlitaxel arm (HR, 1.41; 95%
Cl, 1.15-1.73; P=.03). The median TTP was also longer
in the docetaxel arm compared with the paclitaxel arm
(5.7 months vs 3.6 months, respectively; HR, 1.64; 95% CI,
1.33-2.02; P<.0001). The overall response rate was 32% in
the docetaxel arm and 25% in the paclitaxel arm (P=.10).

Seidman and colleagues in the phase III, randomized
Cancer and Leukemia Group B trial 9840 compared contin-
uous dosing of weekly paclitaxel (100 mg/m? reduced to 80
mg/m?) to the then-standard every-3-week dosing schedule
(175 mg/m?) in patents with 1 or no prior chemotherapy
treatments for advanced disease.!" Weekly dosing improved
response rate (42% vs 29%; unadjusted odds ratio, 1.75;
P=.0004), TTP (median, 9 vs 5 months; adjusted HR, 1.43;
P<.0001), and survival (median, 24 vs 12 months; adjusted
HR, 1.28; P=.0092), but was associated with an increase
in grade 3 neuropathy (24% vs 12%; P=.0003). Based on
these data, weekly dosing of paclitaxel at 80-90 mg/m? has
become a standard therapy for both advanced and early stage
disease, most commonly given with a 1-week break every 3
weeks to reduce cumulative toxicity.

In 2009, Gradishar and associates reported results from
a randomized, phase II trial evaluating nab-paclitaxel and
docetaxel as first-line treatment of metastatic breast cancer
(N=302), in which weekly nab-paclitaxel (150 mg/m?) dem-
onstrated significantly longer PFS than docetaxel (100 mg/
m? every 3 weeks).'? In this study, nab-paclitaxel was admin-
istered at 3 different doses: 300 mg/m?* every 3 weeks, 100
mg/m?* weekly, and 150 mg/m? weekly. According to inves-
tigator assessment, PFS was 14.6 months in the 150 mg/m?
weekly nab-paclitaxel arm compared with 7.8 months in the
docetaxel arm (P=.012). Independent radiologist assessment
found PES to be 12.9 months with 150 mg/m? weekly nab-
paclitaxel and 7.5 months with docetaxel (P=.0065). Overall
response, as assessed by independent review, was 49% in the
150 mg/m?* weekly nab-paclitaxel arm, 45% in the 100 mg/
m? weekly nab-paclitaxel arm, and 35% in the docetaxel
arm. (These differences were not statistically significant.)

At the 2011 American Society of Clinical Oncology
(ASCO) Breast Cancer Symposium, Gradishar and cowork-
ers reported updated results from this study.”® Overall
survival was 33.8 months in the 150 mg/m?* weekly nab-
paclitaxel arm (n=74) and 26.6 months in the docetaxel
arm (HR, 0.688; n=74). PFS was 14.6 months in the
150 mg/m? weekly nab-paclitaxel arm and 7.8 months in the
docetaxel arm (HR, 0.568; P=.012). Among patients in the
150 mg/m? weekly nab-paclitaxel arm, the overall response
rate was 74%, as compared with 39% in the docetaxel arm
(P<.001). Patients receiving docetaxel were more likely to
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experience grade 3/4 neutropenia and grade 3/4 fatigue
than patients receiving nab-paclitaxel (at any dose). Grade 3
neuropathy was most frequent among patients who received
150 mg/m? nab-paclitaxel. The median time to improvement
in neuropathy ranged from 20-22 days among patients
who received nab-paclitaxel, compared with 41 days among
patients who received docetaxel.

An earlier, randomized phase I1I trial showed that nab-
paclitaxel (260 mg/m? intravenously, without premedication)
was associated with significantly higher response rates com-
pared with standard paclitaxel (175 mg/m?, intravenously
with premedication) in patients with metastatic breast
cancer.” The response rate was 33% in patients receiving
nab-paclitaxel (n=229) and 19% in patients receiving stan-
dard paclitaxel (n=225; P=.001). The nab-paclitaxel patients
also experienced a longer time to tumor progression than
the standard paclitaxel patients (23.0 weeks vs 16.9 weeks,
respectively; HR, 0.75; P=.006). The incidence of grade 4
neutropenia was significantly lower in the nab-paclitaxel arm
compared with the standard paclitaxel arm (9% vs 22%,
respectively; P<.001). The incidence of febrile neutropenia
was similar in both arms. Nab-paclitaxel patients were more
likely to experience grade 3 sensory neuropathy than the stan-
dard paclitaxel patients (10% vs 2%, respectively; P<.001);
this neuropathy responded rapidly to management.

Capecitabine

Several clinical trials have evaluated capecitabine as
a single agent for metastatic breast cancer. Two open-
label, randomized, phase II trials demonstrated that
capecitabine was active in both the first- and second-line
treatment settings for metastatic breast cancer.

In a trial by O’Reilly and colleagues, 43 patients with
anthracycline-resistant metastatic breast cancer were ran-
domized to receive either capecitabine or paclitaxel.”” The
response rates were 36% and 26% in the capecitabine and
paclitaxel arms, respectively. Both the median TTP (3.0
vs 3.1 months) and median OS (7.6 vs 9.4 months) were
comparable between the treatment groups.

In a trial by O’Shaughnessy and colleagues, 95
patients with advanced or metastatic breast cancer
received either capecitabine or cyclophosphamide,
methotrexate, and 5-fluorouracil (CMF).'¢ Patients were
55 years or older and had not received prior cytotoxic
chemotherapy for their disease. In the capecitabine arm,
30% of patients achieved an overall response (including
5% complete responses); this rate was nearly twice that
seen in the CMF arm (16%, with no complete responses).
The median TTP was prolonged with capecitabine as
compared with CMF (4.1 vs 3.0 months, respectively),
but median OS was similar between the 2 arms (19.6 vs
17.2 months, respectively). Capecitabine was associated
with fewer cases of alopecia and myelosuppression, but
with a higher rate of diarrhea and hand-foot syndrome.
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Eribulin Mesylate

Eribulin mesylate, a nontaxane inhibitor of microtubule
dynamics, was investigated in the EMBRACE (Eisai Met-
astatic Breast Cancer Study Assessing Physician’s Choice
Versus Eribulin) study, an international, multicenter,
open-label, randomized, phase III clinical trial.’” In this
study, 762 patients with locally recurrent or metastatic
breast cancer were randomized to either single-agent
eribulin or another treatment of their physician’s choice
(96% of the patients in this arm received single-agent
chemotherapy—most commonly, vinorelbine, gem-
citabine, or capecitabine; 4% received hormonal therapy;
and no patients received a biologic agent). All patients
had received between 2-5 prior chemotherapy regimens
(median of 4 prior chemotherapy regimens), which
included an anthracycline and a taxane (unless contra-
indicated). Upon randomization, patients were stratified
according to geographic location, prior capecitabine
exposure, and HER2 status.

Median OS was significantly improved among
patients who received eribulin compared with patients
who received a treatment of physician’s choice (13.1 vs
10.6 months, respectively; HR, 0.81; 95% CI, 0.66—
0.99; P=.041); this was a clinically meaningful increase
of 23% for eribulin-treated patients. In an exploratory
subset analysis of OS, eribulin-treated patients were
favored compared with treatment of physician’s choice
across all stratification factors except for patients from
region 2 (including Eastern Europe, Russia, and Tur-
key). In an independent review, no significant difference
was observed in median PFS between the eribulin arm
and the treatment of physician’s choice arm (3.7 vs 2.2
months, respectively; HR, 0.87; 95% CI, 0.71-1.05;
P=.137). However, the difference in PFS as assessed
by study investigators was statistically significant (HR,
0.76; 95% CI, 0.64-0.90; P=.002), most likely due to
the smaller number of patients who were censored. An
objective response was reported in more patients in the
eribulin arm compared with the control arm (12% vs
5%; P=.002); 3 of the responses in the eribulin arm were
complete responses.

A subgroup analysis of the EMBRACE study was also
recently reported.'® Although eribulin demonstrated ben-
efit across patient subgroups as compared with treatment
of physician’s choice, most of the differences were not sta-
tistically significant. Among hormone receptor—positive
patients, eribulin conferred a 17% decreased risk of death
(HR, 0.83; 95% CI, 0.64-1.06); in hormone receptor—
negative patients, eribulin-treated patients had a 34%
decreased risk of death (HR, 0.66; 95% CI, 0.45-0.99).
Among HER2-positive and HER2-negative patients, the
decrease in risk of death associated with eribulin treat-
ment was 24% (HR, 0.76; 95% CI, 0.47-1.24) and 19%
(HR, 0.81; 95% CI, 0.64-1.02), respectively.
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Which Patients Should Receive Single-Agent
Therapy?

The tempo of disease progression and the patients symp-
toms largely dictate the ability to use single-agent treatment
regimens. Combination regimens will often be used in
patients with a heavy tumor burden and very symptomatic
disease, who often have evidence of end organ compromise.
Typically, these patients have the luminal B subtype of breast
cancer, which is associated with a more aggressive natural
history, a higher tumor burden, and more extensive and
symptomatic metastases. Additionally, patients with triple-
negative metastatic breast cancer also often require com-
bination regimens. However, for many patients, especially
those with hormone receptor—positive disease, sequential
single agents are an important strategy to control disease
progression without the need for significantly aggressive
treatment. These patients often have the luminal A subtype
of breast cancer, which is more indolent in nature and tends
to be more sensitive to treatment in general.

Bone-Targeting Agents

For patients with metastatic bone disease, bone-targeting
agents such as the bisphosphonates zoledronic acid and
pamidronate, as well as the monoclonal antibody deno-
sumab, have been used to prevent skeletal-related events.
In general, these agents are administered with bone-
supporting therapies such as calcium citrate and vitamin
D, in addition to chemotherapy or endocrine therapy,
to women with metastatic disease who have an expected
survival time of at least 3 months.”” Data from random-
ized clinical trials supporting the use of these agents in
metastatic breast cancer show that treatment is associated
with a reduced incidence of skeletal-related events.
Several studies first established pamidronate to be
effective in the prevention of skeletal-related events for
patients with metastatic breast cancer. The Protocol 19
Aredia Breast Cancer Study Group conducted 2 prospec-
tive, multicenter, randomized, double-blind, placebo-
controlled trials including women with breast cancer
who had at least 1 lytic bone lesion and were receiving
either cytotoxic chemotherapy or hormonal therapy. All
patients were randomized to receive either a pamidro-
nate or placebo infusion every 3—4 weeks. In a pooled
analysis of all 751 evaluable patients,? the rate of skeletal
morbidity was significantly reduced in the pamidronate
group compared with the placebo group (2.4 vs 3.7;
P<.001). Compared with pamidronate-treated patients,
a significantly greater proportion of placebo-treated
patients experienced skeletal complications (51% vs
64%; P<.001). These studies also demonstrated a signifi-
cantly prolonged median time to first skeletal complica-
tion among pamidronate-treated patients compared with
placebo-treated patients (12.7 vs 7.0 months; P<.001).

Subsequent clinical trial evidence has suggested that
in patients with breast cancer that has metastasized to
the bone, zoledronic acid may be superior to pamidro-
nate for prevention of skeletal-related morbidity. In a
phase III, double-blind trial that compared zoledronic
acid to pamidronate, both given as an infusion every
3—4 weeks for 12 months, zoledronic acid significantly
decreased the incidence and need for radiation therapy
to bone.? Although a similar proportion of skeletal-
related events was reported in both treatment arms,
the rate of skeletal morbidity was slightly lower among
patients treated with zoledronic acid. More definitive
data were reported in a randomized phase III trial of
1,130 patients with metastatic breast cancer and bone
metastases (either osteolytic, osteoblastic, or mixed
lesions) who were treated with either zoledronic acid or
pamidronate.?? In this study, the proportion of patients
with a skeletal-related event was lower in the zoledronic
acid arm compared with the pamidronate arm (48% vs
58%), although this difference did not reach statistical
significance. Further, this trend was only apparent among
those patients with at least 1 osteolytic lesion; among
the overall population, the proportion of patients expe-
riencing a skeletal-related event was more comparable
(43% vs 45%, respectively). However, the median time
to first skeletal-related event was significantly prolonged
among patients treated with zoledronic acid compared
with pamidronate (310 vs 174 days; P=.013). Overall, a
multiple event analysis determined that in terms of the
risk of developing a skeletal-related event, a significant
benefit was achieved with zoledronic acid in both the
osteolytic subset of patients (30%; P=.010) as well as in
the overall population (20%; P=.037).

More recently, denosumab, a monoclonal antibody
directed against the receptor activator of nuclear factor []
B (RANK) ligand, was found to be superior to zoledronic
acid for delaying and preventing skeletal-related events
in patients with metastatic breast cancer. In a random-
ized, double-blind study of 2,046 metastatic breast cancer
patients with bone metastases,> denosumab was superior
to zoledronic acid in delaying time to first on-study
skeletal-related event (HR, 0.82; 95% CI, 0.71-0.95;
P=.01 for superiority). Denosumab was also superior to
zoledronic acid for delaying time to first and subsequent
on-study skeletal-related events (rate ratio: 0.77; 95% CI,
0.66-0.89; P=.001).
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Combination Therapy in Metastatic Breast

Cancer
Edith A. Perez, MD

everal chemotherapy regimens are recommended for

the treatment of metastatic breast cancer. Compared

with single-agent regimens, these combination
regimens often produce a greater improvement in the
rate of objective response as well as a prolongation of
progression-free survival (PES); there is little evidence,
however, of improvement in overall survival (OS),
although there is no trial that has been able to totally
address this issue. Further, combination regimens are often
associated with a greater degree of toxicity depending on
schedules and doses used.

A number of combination regimens are recom-
mended for the treatment of metastatic breast cancer.!
Although these regimens are considered to be fairly
equivalent, the National Comprehensive Cancer Network
(NCCN) panel categorizes them as either preferred or

other. In this section, newer studies of novel and investi-
gative combination strategies are discussed.

Combination Chemotherapy

Two phase IIT clinical trials have evaluated the epothi-
lone ixabepilone in metastatic breast cancer. In the
pivotal international CA163-046 study, 752 metastatic
breast cancer patients with anthracycline-pretreated/
resistant disease and taxane-resistant disease were ran-
domized to receive either ixabepilone plus capecitabine
or capecitabine alone.? Compared with single-agent
capecitabine, patients treated with the combination of
ixabepilone plus capecitabine experienced significantly
prolonged median PES (4.2 vs 5.8 months, respectively),
and a 25% reduction in the estimated risk of disease pro-
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gression (HR, 0.75; 95% CI, 0.64-0.88; P=.0003). Twice
as many patients in the combination arm also achieved an
objective response (14% in the single-agent arm vs 35%
in the combination arm; P<.0001). A secondary endpoint
from this trial, OS, was also analyzed. Although a trend
towards improved median OS was observed in the combi-
nation arm compared with single-agent capecitabine, this
difference was not significant (12.9 vs 11.1 months, HR,
0.9; 95% CI, 0.77-1.05; P=.19).

In a second phase IIT study, 1,221 metastatic breast
cancer patients who were previously treated with an
anthracycline and a taxane were randomized to treatment
with either ixabepilone plus capecitabine or single-agent
capecitabine.’ The primary endpoint of this study was
OS. No significant difference in median OS was demon-
strated between the 2 treatment groups (16.4 months in
the combination arm vs 15.6 months in the single-agent
arm, HR, 0.9, 95% CI, 0.78-1.03; P=.1162) within
the overall population. However, when the analysis was
adjusted for performance status and other prognostic
factors, patients treated with the combination achieved
a significantly superior OS compared to patients treated
with single-agent capecitabine (HR, 0.85; 95% CI,
0.75-0.98; P=.0231). This trial also confirmed results
seen in the CA163-046 phase III trial,> demonstrating
that patients treated with ixabepilone plus capecitabine
achieved significantly prolonged median PES (6.2 vs 4.2
months; HR, 0.79; P=.0005) and a significantly higher
rate of objective response (43% vs 29%; P<.0001).

A pooled analysis that focused on patients with
reduced performance status from this phase III trial and
another one was recently published.* The analysis found
that those patients with a reduced performance status
(Karnofsky performance status [KPS] 70-80) who were
treated with the ixabepilone plus capecitabine combina-
tion achieved significant improvements in median OS
compared with those who were treated with single-agent
capecitabine (12.3 vs 9.5 months, respectively; HR, 0.75;
P=.0015). Conversely, there was no significant difference
in median OS between the 2 treatment groups among
patients with a high (KPS 90-100) performance status
(16.7 months in the combination arm vs 16.2 months in
the single-agent arm, HR, 0.98; P=.8111). However, sig-
nificant improvements in both median PFS and objective
response rates were achieved regardless of performance
status. For low-performance status patients, the median
PES was 4.6 months in the combination arm versus 3.1
months in the single-agent arm (HR, 0.76; P=.0021).
For high-performance status patients, the median PFS
was 6.0 in the combination arm versus 4.4 months in
the single-agent arm (HR, 0.58; P=.0009). The objective
response rates in low-performance status patients were
35% in the combination arm versus 19% in the single-
agent arm. Among high-performance status patients, the
objective response rates were 45% in the combination arm

versus 28% in the single-agent arm. The ixabepilone plus
capecitabine combination may be particularly attractive
in the setting of triple-negative disease when compared
with capecitabine alone.” In this retrospective analysis,
response and time to progression were clearly superior in
the patients with triple-negative disease who received the
combination instead of the single agents.

Dual HER2 Inhibition

Blackwell and colleagues tested the efficacy and safety of
combining the 2 HER2 inhibitors lapatinib and trastu-
zumab in patients with HER2-positive metastatic breast
cancer.’ All patients (N=296) had experienced progres-
sion on prior trastuzumab-containing regimens (median
of 3 prior trastuzumab-containing regimens) and were
randomized to receive either lapatinib alone or lapatinib
in combination with trastuzumab. Patients receiving the
combination therapy achieved significantly prolonged PFS
compared with the lapatinib-only group (HR, 0.73; 95%
CI, 0.57-0.93; P=.008). Additional significant benefits
were also achieved for the rate of clinical benefit (24.7%
in the combination arm vs 12.4% in the single-agent arm;
P=.01); there was no significant difference in the rate of
objective response between the 2 groups (10.3% vs 6.9%,
respectively; P=.46). Although there was a trend toward
improvement in OS with the combination therapy, the
effect did not reach statistical significance (HR, 0.75,
95% CI, 0.53-1.07; P=.106). Patients in the combination
arm were significantly more likely to experience diarrhea
(P=.03). The data are consistent with results in the neoad-
juvant setting, demonstrating a higher pathologic complete
response with dual HER2 blockade strategies.

Novel Combinations With Endocrine Therapy

The TAMRAD (Tamoxifen and RADO0O1) trial, a ran-
domized, controlled, phase II trial, randomized 111
patients with HER2-negative, hormone receptor—positive
metastatic breast cancer to treatment with either tamoxi-
fen alone or tamoxifen plus the mammalian target of
rapamycin (mTOR) inhibitor everolimus.” All patients
had prior exposure to aromatase inhibitor therapy, and
they were stratified according to the presence of primary
versus secondary hormone resistance. The investigators
reported that the rate of clinical benefit was significantly
improved with the combination of everolimus plus
tamoxifen compared with tamoxifen alone (61.1% vs
42.1%, respectively; P=.045 in an exploratory analysis).
This trend in higher clinical benefit rate was evident across
all patient subgroups analyzed, including those with or
without visceral metastasis, those who had or had not
received previous adjuvant tamoxifen, those who had
or had not received prior metastatic chemotherapy, and
those who were or were not hormone resistant. Interest-
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ingly, those patients with secondary hormone resistance
achieved a greater magnitude of clinical benefit. Patients
receiving everolimus plus tamoxifen had an increased
median time to progression (TTP) and median OS com-
pared to patients receiving tamoxifen alone. TTP was 8.6
months in the combination group versus 4.5 months in
the single-agent group (HR, 0.53, 95% CI, 0.35-0.81;
P=.0026). Median OS was not reached in the combina-
tion group and was 24 months in the single-agent group
(HR, 0.32; 95% CI, 0.15-0.68; P=.0019). Results of the
724-patient BOLERO-2 trial were released in September
2011, reporting a significant improvement in centrally
reviewed PES for patients receiving exemestane plus
everolimus (10.6 months), compared to exemestane alone
(4.1 months), after disease progression on a nonsteroidal
aromatase inhibitor (P<.01).8

Clinical Trials for Metastatic Breast Cancer

The strategy underlying both basic and translational clini-
cal research in the context of metastatic breast cancer is to
optimize patients’ lives. A great deal of energy has been
expended in the recent past to identify a suitable surro-
gate marker for the elusive concept of improving quality
of life. This search has led to the utilization of a variety
of endpoints in both the phase II and phase III clinical
trial settings. For some investigators and patients, what
really matters is whether an improvement in OS can be
demonstrated. For others, the finding of PES may be most
important. Even response rate is considered by some to be
a measurable assessment of improvement.

There is some controversy related to which, if any, of
these endpoints (OS, PES, or response rate) should be the
appropriate marker to assess when determining if a par-
ticular therapy should be incorporated into clinical practice.
The general consensus is that many surrogate endpoints are
important, and they all should be considered as an aggregate
in order to change standards of clinical practice. However, it
will remain important for physicians, patients, and regulatory
agencies to continue working towards a “best definition” for
clinical benefit in metastatic breast cancer. For phase III trials
especially, studies are often developed based on a consensus
of the best endpoint to utilize in that particular setting.

At the conclusion of a phase II or a phase I1I clinical
trial, what is increasingly done is to assess these study
endpoints (OS, PFS, and/or response rate) in the con-
text of the overall tolerability of therapy. This approach
is used to help determine whether a new agent or regi-
men has led to an improved life for the patient.

As we look at data from clinical trials, even if we
determine that OS should be the primary endpoint for a
decision to change standards of practice, it is important to
realize that breast cancer is a very heterogeneous disease.
Thus, even in the context of a controlled clinical trial that
demonstrates a significant improvement in median OS,
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there may be a substantial number of patients who do not
derive any benefit. Conversely, even if a clinical trial fails
to demonstrate a significant improvement in median OS
in the experimental arm versus the control arm, it may still
include patients who achieved improved OS.

One potentially interesting clinical endpoint to con-
sider in future clinical trials is PFS, as defined according to
a consensus of physicians, patients, and regulatory agencies.
This idea raises the question of the most useful definition
of PES: Should it be defined as a relative improvement (ie,
improvement of 15%, 25%, or 40% in the experimental
arm vs the control arm) or as an improvement in the
number of months (ie, improvement of at least 5 months)?
There also may be other surrogate endpoints that may
eventually be shown to correlate with patient outcomes,
and it will be important to incorporate these endpoints
into future clinical studies. Examples of these endpoints,
which are currently in the investigational setting, include
circulating tumor cells and molecular imaging.

Which Patients Should Receive Combination
Therapy?

All of these issues are important to consider in the discussion
of whether we should utilize single agents or combination
therapy approaches for management of metastatic breast
cancer patients. It is clear from multiple clinical studies that
many combination therapies improve PFS, and some even
improve OS, compared with single-agent therapy. However,
ithasyet to be determined in a prospective, randomized study
whether single-agent therapy or combination regimens result
in improved OS. Although current guidelines recommend
either sequential single agents or combination therapy as the
preferred chemotherapy strategy for metastatic breast cancer,
they do not suggest that combination therapy is supetior to
the use of sequential single agents.’

Based on the totality of data now available, it is
becoming increasingly apparent that the optimum man-
agement of metastatic breast cancer in the future will have
to rely on combination strategies that take advantage of the
diverse molecular abnormalities that occur in these tumors.
Although a single-agent strategy can be effective, it does
not result in cures for all patients. Certainly, the combina-
tion strategies that we have so far have not led to cures in
all patients either, but at least by detailing the molecular
variability in breast cancer, we will be able to develop better
combination strategies that will ultimately improve patient
outcomes. A concise example is the use of concurrent
chemotherapy or anti-estrogen therapy with anti-HER2
treatments, and the use of percuzumab plus trastuzumab in
combination with chemotherapy, based on the CLEOPA-
TRA (A Study to Evaluate Pertuzumab + Trastuzumab +
Docetaxel vs. Placebo + Trastuzumab + Docetaxel in Previ-
ously Untreated Her2-Positive Metastatic Breast Cancer)
trial, but much more work is ongoing.
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Clinical Implications of the Latest Data on

Bevacizumab

Hope S. Rugo, MD

he targeting of tumor-related angiogenesis has

been an important goal in antineoplastic therapy.

This strategy was first initiated after promising
preclinical observations, many in tumorigenic animal
models, which suggested that new tumor blood vessel
growth was promoted by factors within the tumor itself,
and that this angiogenesis was associated with survival,
progression, and metastasis of the tumor.

Targeting VEGF in Cancer

One of the primary molecules involved in angiogenesis
that has been studied in the context of cancer is the vas-
cular endothelial growth factor (VEGF). Many tumors
(including breast cancers) have been found to overexpress
VEGE'? and in fact VEGF overexpression is correlated
with poor prognosis in breast cancer.*> In normal physi-
ology, VEGF exerts its proangiogenic actions through
binding to receptors located on the surface of endothelial
cells.! Binding and subsequent activation of the VEGF
receptor—mediated pathway has many consequences,
including regulation of cell migration, proliferation, and
survival; increase of vascular permeability; and regulation
of hemodynamics. These activities are also regulated by
VEGF in the context of the tumor, with the added role
of inducing new blood vessel formation and penetration
into the tumor leading to increased blood supply.
VEGF-mediated angiogenesis is an important compo-
nent of tumor growth in both early and late stages of cancer

development.® Expression of VEGF is a key factor in the
“angiogenic switch” that occurs in avascular premalignant
tumors, causing them to become vascularized and leading to
subsequent tumor growth and promotion of vascular inva-
sion. Later, as the tumor spreads, micrometastases are seeded
at distant organs and undergo a similar angiogenic switch in
order to initiate their own angiogenesis and tumor growth.”

A number of therapies have been developed that are
designed to inhibit the actions of the VEGF-initiated path-
way because of its importance in cancer survival, progres-
sion, and metastasis. These therapies include soluble decoy
receptors (VEGF trap), small molecule inhibitors of the
intracellular tyrosine kinase enzymatic portion of the VEGF
receptor, and monoclonal antibodies directed against VEGE
The monoclonal antibody bevacizumab has been the most
promising VEGF-targeted therapy. Based on positive results
in clinical trials, bevacizumab was first approved by the US
Food and Drug Administration (FDA) for the treatment
of metastatic colorectal cancer’ and subsequently gained
approval for use in other solid tumor malignancies, includ-
ing non—small cell lung cancer, glioblastoma, and metastatic
kidney cancer. The accelerated approval of bevacizumab for
the treatment of metastatic breast cancer was recently called
into question by the FDA, and the initial steps to remove
this indication have begun." However, in light of this con-
troversy, it is important to consider the original evidence sup-
porting the use of bevacizumab in metastatic breast cancer,
especially when interpreting results of more recent clinical
trials leading to this controversy.
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Throughout the clinical development of beva-
cizumab in metastatic breast cancer, it has become
increasingly evident that the most effective use of anti-
angiogenic therapy is likely to be in treating patients
with a clearly defined tumor biology, or a specific patient
population. In addition to early phase I and II data that
suggested objective response rates approaching 10% in
metastatic breast cancer patients previously treated with
bevacizumab monotherapy,'' data from several phase III
clinical trials have now been reported.

Clinical Studies of Bevacizumab in Breast
Cancer

The first phase I trial testing the efficacy of bevacizumab
in metastatic breast cancer randomized 462 patients with
chemotherapy-resistant disease to receive capecitabine with
or without bevacizumab. The addition of bevacizumab
resulted in an improvement in response rate (19.8% vs
9.1%; P=.001), but no difference in PFS (4.86 vs 4.17
months; HR, 0.98), which was the primary endpoint.’? It
was thought that perhaps the failure to show a benefit in
PFES was due to the extent of prior treatment and resistance
to therapy in this patient population, a question that could
be answered by the highly anticipated results of E2100.

ECOG (Eastern Cooperative Oncology Group) E2100
was a pivotal open-label, randomized, phase III trial that
tested the efficacy and safety of bevacizumab combined with
paclitaxel as initial therapy for metastatic breast cancer.”
A total of 722 patients were randomized to receive either
single-agent paclitaxel or paclitaxel combined with beva-
cizumab. Significantly, median PFS was prolonged in the
combination arm compared with the single-agent arm (11.8
vs 5.9 months, respectively, HR, 0.60; P<.001), and the rate
of objective response was also increased (36.9% vs 21.2%,
respectively; P<.001). However, median overall survival
(OS)—a secondary study endpoint—was not significantly
different (26.7 vs 25.2 months, HR, 0.88; P=.16). Patients in
the combination-therapy arm experienced significantly more
grade 3/4 toxicities consistent with known bevacizumab
effects, including hypertension (14.8% vs 0%; P<.001),
proteinuria (3.6% vs 0%; P<.001), headache (2.2% vs 0%;
P=.008), and cerebrovascular ischemia (1.9% vs 0%; P=.02).

Despite the lack of OS benefir, ECOG E2100
was used as a basis for the FDA accelerated approval of
bevacizumab to treat metastatic breast cancer. However,
interpretation of this trial was not without controversy;
the most critical comments concerned the lack of exter-
nal monitoring of this cooperative group-led trial. An
FDA-mandated external review of the data supported
the study’s findings, but found missing data in a subset
of patients. Further phase III trials were simultaneously
conducted to verify and extend this dataset.

The AVADO (Avastin And Docetaxel) study was a
randomized, double-blind, placebo-controlled, phase III
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study that evaluated the combination of bevacizumab with
docetaxel as initial therapy for HER2-negative metastatic
breast cancer." In this 3-arm trial, 736 patients were ran-
domized to receive docetaxel combined with either placebo
or 1 of 2 bevacizumab doses (7.5 mg/kg or 15 mg/kg). In
a stratified analysis, both bevacizumab doses combined
with docetaxel achieved a significantly prolonged median
PFS compared with docetaxel plus placebo. The magnitude
of benefit was larger with the higher dose (9.0 months in
the low-dose arm, 10.0 months in the high-dose arm, and
8.1 months in the placebo arms; HR, 0.80; P=.045 for the
low-dose arm vs the placebo arm; HR, 0.67; P<.001 for the
high-dose arm vs the placebo arm). The design of this trial
included a specified number of doses of docetaxel and beva-
cizumab followed by bevacizumab alone to avoid cumulative
toxicity; median progression occurred after discontinuation
of chemotherapy. Again, although response rates were also
increased with the bevacizumab plus docetaxel combinations
compared with placebo plus docetaxel (55% for the low-dose
arm, 64% for the high-dose arm, and 46% for the placebo
arms; P=.07 for the low dose vs placebo; P<.001 for the high
dose vs placebo), a significant improvement in OS was not
observed. The toxicity profile of docetaxel was not signifi-
cantly affected by the addition of bevacizumab.

The results of RIBBON-1 (Regimens in Bevacizumab
for Breast Oncology), a double-blind, randomized, phase
I erial, were recently published.” In this study, bevaci-
zumab was combined with several standard chemotherapy
regimens and compared with these chemotherapy regimens
alone as first-line therapy for patients with HER2-negative
metastatic breast cancer. A total of 1,237 patients were ran-
domized to receive chemotherapy alone (plus placebo) or
chemotherapy plus bevacizumab; optional chemotherapy
regimens included single-agent capecitabine, or taxane-
based or anthracycline-based chemotherapy combinations.
For data analysis, the investigators divided the patients into
2 independently powered cohorts, defined by the choice of
chemotherapy: cohort 1 consisted of patients treated with
capecitabine, and cohort 2 consisted of patients treated
with taxane-based or anthracycline-based chemotherapy. In
both cohorts, the median PFS was significantly prolonged
with the addition of bevacizumab compared with the addi-
tion of placebo (cohort 1: 8.6 vs 5.7 months; HR, 0.69;
95% CI, 0.56-0.84; log-rank P<.001; cohort 2: 9.2 vs 8.0
months; HR, 0.64; 95% ClI, 0.52-0.80; log-rank P<.001).
Again, no significant improvements in OS were reported.

RIBBON-2 was a similarly designed phase III
trial, which was identical to RIBBON-1 except that the
addition of bevacizumab to chemotherapy was evalu-
ated in the second-line treatment setting for metastatic
breast cancer.'® Among 684 patients, the median PFS
was significantly prolonged in the chemotherapy-plus-
bevacizumab group compared with the placebo-plus-
bevacizumab group (7.2 vs 5.1 months, HR, 0.775;
P=.0072). No benefit in OS was reported.
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Results from the ATHENA (Avastin Therapy for
Advanced Breast Cancer) study were recently published.!”
This large, multinational, open-label trial investigated beva-
cizumab plus taxane-based chemotherapy for the first-line
treatment of locally recurrent or metastatic breast cancer. This
study was thought to be more representative of general oncol-
ogy practice than the previous randomized clinical trials. A
total of 2,251 patients with HER2-negative disease were
treated with bevacizumab plus taxane-based (or other nonan-
thracycline) chemotherapy. The median time to progression

(TTP) in this study was 9.5 months (95% CI, 9.1-9.9).

Implications of the FDA Decision on
Bevacizumab

In December 2010, the FDA announced that it had initi-
ated a process to remove the metastatic breast cancer indi-
cation for bevacizumab. A first-of-its-kind public hearing
was then conducted in June of 2011, with an independent
review committee. Although the benefits in PES and
response observed in the ECOG E2100 trial were quite
striking, the FDA consensus was that the PFS benefit in
the subsequent phase III trials was not substantial enough
to warrant continued approval of bevacizumab. This deci-
sion may have been somewhat influenced by the expense
of bevacizumab. The increased toxicities reported with
bevacizumab treatment in other malignancies as well as in
breast cancer were also likely a consideration.

It is important to remember that the results of the bev-
acizumab phase III trials in metastatic breast cancer were
positive, and they all reached their endpoint of PES. What
is really under consideration currently is the relative value
of this PFS benefit. To date, many groups have continued
to support the use of bevacizumab in the metastatic breast
cancer setting, including the European Medicines Agency
(in combination with paclitaxel only) and guidelines from
the National Comprehensive Cancer Network (preferred in

combination with paclitaxel).'*!

Which Patients Will Benefit?

Based on the subset analyses that have been conducted to
date, it is difficult to distinguish a specific subset of meta-
static breast cancer patients that is likely to benefit more from
bevacizumab therapy. It is possible that studies accounting
for hormone receptor expression or HER2 expression are not
adequate to define a subgroup of patients that will benefit.
The ongoing ECOG 5103 adjuvant bevacizumab clinical
trial, which has recently completed accrual, is aimed to more
carefully evaluate this question. It is hoped that the trial
will enable the identification of a group of patients, based
on tumor biology, who could possibly benefit from bevaci-
zumab-based therapy. A number of other trials are evaluating

the benefit of adding bevacizumab to chemotherapy in spe-
cific biologic tumor subsets, such as triple-negative disease, in
the adjuvant or neoadjuvant setting.
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Discussion: Current Treatment Options for
Metastatic Breast Cancer

Hope S. Rugo, MD, Joyce A. O’Shaughnessy, MD, and Edith A. Perez, MD

Hope S. Rugo, MD I am curious as to what the other
2 experts think of the current controversy surrounding
bevacizumab use in metastatic breast cancer.

Joyce A. O’Shaughnessy, MD There is no question to me that
bevacizumab offers a proportion of our patients a dramatic
clinical benefit. It has a more moderate benefit in another seg-
ment of the patient population, and very little or no benefit
in about one-third of patients. In general, it appears that those
patients with the most aggressive disease derive the most ben-
efit from bevacizumab treatment, and patients with the most
indolent disease derive the least benefit. We as physicians have
improved our ability over time to discern which patients are
most likely to be harmed by bevacizumab therapy. A similar
learning curve exists regarding those metastatic breast cancer
patients whose tumor biology is most likely to be susceptible
to bevacizumab therapy. Identification of these patients is
not a trivial goal. It is much easier to identify patients likely
to benefit from treatments such as endocrine therapies and
trastuzumab or lapatinib, but in those cases we have the aid of
hormone receptor expression and HER2 expression.

In my current practice, I try to first identify those patients
who will most likely not benefit from bevacizumab therapy,
and avoid it in these individuals. I do use bevacizumab as
first-line treatment for triple-negative metastatic breast cancer;
these patients have few alternatives to cytotoxic chemotherapy
regimens. I also think that bevacizumab is useful in patients
with particularly aggressive estrogen receptor—positive disease,
characterized by very short discase-free intervals. Finally,
I think that bevacizumab has a role in the treatment of
patients with chemotherapy-resistant metastatic breast cancer.
Although the benefit here may be short, it is greater than what
would be achieved with chemotherapy alone.

Edith A. Perez, MD Interestingly, I think that the entire
controversy regarding the use of bevacizumab to treat
women with metastatic breast cancer has brought many
important issues of drug development to light, includ-
ing those surrounding translational research, clinical trial
research, and accelerated approval of new agents by the
FDA. In some ways, it is good that this debate is occurring,
as I think it will guide future drug development and clinical
trial design. Further, while the accelerated FDA approval
process is an important mechanism to allow patients to
benefit from a particularly promising agent, bevacizumab
provides an excellent example of the importance of con-
ducting follow-up trials to confirm efficacy and safety.

The scientific rationale for targeting angiogenesis in
cancer is very strong and supported by robust preclinical
data, and so it has been somewhat surprising to me that
the results with anti-angiogenesis treatment in the clinical
setting have been less than striking. It is becoming obvious
that the interpretation of the bevacizumab clinical trials, all
of which showed improvements in PFS but not OS, sug-
gests that in the setting of metastatic breast cancer, relative
improvement in PFS may not be a satisfactory threshold
for drug approval, although this is still debatable.

Another important issue in the debate surrounding
bevacizumab is cost versus benefit of therapy. Although reg-
ulatory agencies do not currently incorporate a cost-benefit
analysis into approval decisions, there is no question that
many physicians and health care professionals have begun
to value relative (and statistically significant) improvements
in PFS and OS in the context of therapeutic cost.

Hope S. Rugo, MD You have both brought up many good
points regarding where we are currently with bevacizumab in
metastatic breast cancer. Another major topic that has gained
recent attention in the field of metastatic breast cancer is the
use of PARP inhibitors. What is your interpretation of recent
findings and how they may be used in patient management?

Joyce A. O’Shaughnessy, MD DNA repair pathways may
be an important way for some tumor cells to resist treatment
with cytotoxic chemotherapy. Poly(ADP)-ribose polymerase
1 (PARP-1)-mediated DNA repair pathways have emerged
as an attractive target for drug development. These pathways
are often used by tumor cells to repair chemotherapy-induced
DNA damage, and inhibition of PARP-1 can prevent DNA
repair. Normally, the BRCA1/BRCA2 proteins play an
important role in overcoming PARP-1 inhibition. However,
in the setting of BRCA1/BRCA2-deficient cells, DNA dam-
age goes unrepaired and cell death ensues.

PARP inhibitors have been shown to be particularly
potent in BRCA1/BRCA2-deficient cells. Importantly,
triple-negative breast cancer shares many of the same
characteristics of BRCA1/BRCA2-deficient breast tumors,
including hormone  receptor-negative/HER2-negative
status, mutated p53, a basal-like gene expression pattern,
and poorly differentiated (high-grade) tumor histology.
Furthermore, many triple-negative breast tumors exhibit
PARP1 upregulation and diminished expression of BRCAL.

One of the particular challenges regarding PARP
inhibitors is the need to combine them with cytotoxic
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chemotherapy in order for them to exert their effect.
However, this combination strategy can result in higher
toxicity, especially myelosuppression.

PARP inhibitors—iniparib, olaparib, and veliparib—
have advanced in clinical trials; of these, iniparib has been
developed the furthest. A recently published, randomized,
phase II trial initially showed a significant improvement
in clinical responses with the addition of iniparib to che-
motherapy with gemcitabine plus carboplatin for patients
with triple-negative metastatic breast cancer.! Median PFS
and OS were also prolonged in this study. Based on these
promising results, a similarly designed, randomized, phase
I clinical trial of iniparib, also in triple-negative meta-
static breast cancer, was initiated.? However, in a recent
press release, the drug’s manufacturers stated that iniparib
failed to meet the prespecified criteria for significance in the
primary endpoints of PES and OS.? No specific data have
been provided, so it is not yet possible to closely scrutinize
the results. The company did report that in a prespecified
analysis, significant improvements in OS and PES were
noted among patients treated in the second- and third-line
setting, suggesting that iniparib may still hold promise in
heavily pretreated patients. The results of this study are
expected to be presented in the near future.

A recent abstract presented by Ji and colleagues at the
American Association for Cancer Research (AACR) annual
meeting may offer an explanation for the less-than-dramatic
results observed with iniparib in the phase III clinical trial.*
Through a series of elegant, cell line—based experiments, it
was shown that olaparib and veliparib inhibited PARP1/2 in a
dose- and time-dependent fashion, but iniparib did not. Fur-
thermore, compared with olaparib, iniparib treatment of cells
resulted in a dramatic difference in gene expression changes.
Gene pathway analyses indicated that iniparib instead poten-
tially inhibits the telomerase pathway. This abstract strongly
suggests that iniparib has a unique mechanism of action.

Edith A. Perez, MD Again, the failure of iniparib in the
phase III clinical trial, even though its design essentially mir-
rored that of the successful phase II study, demonstrates the
challenge we have in translating preclinical and early clinical
data to clinical practice. This is exactly why phase III clini-
cal trials are so important—to confirm and corroborate a
hypothesis suggested in the phase II setting, It is critical now
more than ever that tissue samples be collected in clinical
trials of new agents, in order to conduct the necessary sub-
analyses to validate and optimize the findings in the clinic.

Hope S. Rugo, MD What agents do you think now
hold the most promise for metastatic breast cancer?

Joyce A. O’Shaughnessy, MD I think the mammalian
target of rapamycin (mTOR) inhibitors are particularly
intriguing for metastatic breast cancer, especially with

potential for patents with endocrine resistance. Promising
data have been demonstrated in the TAMRAD trial, show-
ing that the addition of everolimus to tamoxifen resulted in
significant improvement in outcomes versus tamoxifen alone
for patients with HER2-negative, hormone receptor—positive
metastatic breast cancer with previous aromatase inhibitor
exposure.’ Results of the BOLERO-2 (Breast Cancer Trial
of Oral Everolimus) trial, investigating the combination of
everolimus with exemestane, are eagerly awaited.®

Edith A. Perez, MD 1 think one of the most exciting ther-
apeutic candidates right now is the novel antibody-drug
conjugate trastuzumab-DM1 (T-DM1). A recent report of
a phase II trial of T-DM1 in metastatic breast cancer sug-
gested that this agent may have similar activity but reduced
toxicity compared with traditional trastuzumab.”

Acknowledgment

Dr. Rugo is a member of the Speaker’s Bureau of Genomic
Health. She has received grant/research support from BMS, GSK;
Genentech, Novartis, Merck, Sanofi-Aventis, Lilly/ImClone,
and Celgene. Dr. O'Shaughnessy is on the Speaker’s Bureau for
Bristol-Myers Squibb Company, Celgene Corporation (formerly
Abraxis Bioscience LLC), and Sanofi-Aventis US. She receives
honoraria from Biogen Idec, Boehringer Ingelheim International
GmbH, Bristol-Myers Squibb Company, Caris Diagnostics Inc,
Eisai Inc, Genentech Inc, GlaxoSmithKline, GTx, Inc, Johnson
& Johnson, Lilly Roche Inc, and Sanofi-Aventis. Dr. Perez has
no real or apparent conflicts of interest to report.

References

1. O’Shaughnessy J, Osborne C, Pippen JE, et al. Iniparib plus chemotherapy in
metastatic triple-negative breast cancer. N Engl | Med. 2011;364:205-214.

2. Clinicaltrials.gov. A phase 3, multi-center study of gemcitabine/carboplatin,
with or without BSI-201, in patients with ER-, PR-, and HER2-negative meta-
static breast cancer. http://clinicaltrials.gov/ct2/show/NCT009386522term=NCT
00938652&rank=1. Identifier NCT00938652. Accessed August 22, 2011.

3. Sanofi-Aventis.com Sanofi-aventis reports top-line results from phase III
study with iniparib (BSI-201) in metastatic triple-negative breast cancer.
January 27, 2011. Bridgewater, NJ. http://sanofi-aventis.mediaroom.com/index.
php?s=43&item=310. Accessed August 22, 2011.

4.Ji ], Lee MP, Kadota M, et al. Pharmacodynamic and pathway analysis of three
presumed inhibitors of poly (ADP-ribose) polymerase: ABT-888, AZD2281, and
BSI201. Proceedings of the 102nd Annual Meeting of the American Association
for Cancer Research. April 2-6, 2011; Orlando, Florida. Abstract 4527.

5. Bachelot T, Bourgier C, Cropet C, et al. TAMRAD: a GINECO randomized
phase II trial of everolimus in combination with tamoxifen versus tamoxifen alone
in patients (pts) with hormone-receptor positive, HER2 negative metastatic breast
cancer (MBC) with prior exposure to aromatase inhibitors (AI). Program and
abstracts of the 33rd Annual San Antonio Breast Cancer Symposium; December
8-12, 2010; San Antonio, Texas. Abstract S1.6.

6. Clinicaltrials.gov. Everolimus in combination with exemestane in the treat-
ment of postmenopausal women with estrogen receptor positive locally advanced
or metastatic breast cancer who are refractory to letrozole or anastrozole
(BOLERO-2). http://clinicaltrials.gov/ct2/show/NCT008636552term=NCT008
63655&rank=1. Identifier NCT00863655. Accessed August 22, 2011.

7. Perez EA, Dirix L, Kocsis J, et al. Efficacy and safety of trastuzumab-DM1
versus trastuzumab plus docetaxel in HER2-positive metastatic breast cancer
patients with no prior chemotherapy for metastatic disease: preliminary results of
a randomized, multicenter, open-label phase 2 study (TDM4450G). Program and
abstracts of the 35th European Society for Medical Oncology Congress; October
8-12, 2010; Milan, Italy. Abstract LBA3.

14 Clinical Advances in Hematology & Oncology Volume 9, Issue 11, Supplement 25 November 2011



Slide Library

Metastatic Breast Cancer

Approxamately 30% of breast cancer patients will
subsequently develop metastatic disease’

Patlents tend to be younger and to prasent with more lecally
advanced diseaie, although returrencs can Sodier a1 ary #ge
Approxamately one-quarter of patients with lymph Rode-
megative breast cancer and one-half with lemph node-
pasitive breast cancer willl ultimately develop distant,
recurrent dissase’

Approximately 5% of women ot diagnosed until they
have alresdy developed met. it breast cancer?

Single-Agent Therapy:
Nab-Paclitaxel

Swncoerped, phee | el eperng reb-pacttaee {at
viosagey) and docstansl

o ey wth Frar- s mrtartets b canr

Dverad survnl win g B ot o the by gt weshly ral

1u) i i B vt e dotrene] e (HE, 856,

U kg o OrTRT I T 150 i ekl nak-fadineel
ave gl ¢ A maswis eohe Goonianel T [HE, Sbk P00l Ameng
e wnwidy k- piSas the cvate
PEIDET % w2 b Comeaned ek ik i She daontoel e
[t

g m ad
ek Pt gt 1 rnna AT n et o Bt . el 7 it 15

NCOCN-Recommended Combination matherapy

Regimens for Metastatic Breast Cancer

Prefared Ozzam
Cpragnompnamiss, damn s

Optiors Wish
Trastuaurad Ser HEAz-Foutive Cias
Trditunuirinh phe  Patiasd o Lovbapline
Cwrtae]
etiaptoapheriss W e
itz eamel o s
. Lapwnd phac®  Capeoisieee
Cpringhoaphameds, vatnan st | fayusumah phot® Oeer fryt-ies agerts
Cagechiatine
Docebiee! Bl capaecitaben Laganrn

Gaserabira pha 3acitaod
Prateired Comblnatas Jovons wWih
Bevncizsmab

Bavie pomis plut.  Pad faaw!

CLINICAL ROUNDTABLE MONOGRAPH

Single-Agent Therapy:
The FIRST Trial

Teial Dusigs Witicersar, sendoried, open-iakel, o i Eudy
g thae ebicicy i sty of ta D8 a e
WA sie

Patierd Populrton 30 prerw ol e with ey urTTater
e repior- ot e koraty sdvarren o
e e ]
The e TTF s ssgre iy proionged in The
Tubvrstrarnt @y corpaned wes Fa arantmnks @
(334 vi a3 s merh, 1, 5 00, g 0L exro gt Pazd)

Single-Agent Therapy:
The EMBRACE Trial

A rematicral, materte, cpelabe, rendarssed, pha
alimoni Elal comparing eriule Wit peemant of phyakclens thcice

i patiery wath ooy sranwet or e e bope o

Wirchart D15 woirs st ety oo d mrsiedg Swberrln wh Sreemeed
b g e 4 e reochved trret et ol pryscion’s
ahoec [k v 10 b e i, HEL, B, 5T, Bbe 5
wepeooers irars. ro g o Afeee wan

a5 e rmatrars

1 frars vy, HE, 2,
ANT 1. b h FES i ittt

Y 150 I RETIZA00N WHE 1IN - T, & 76, Do C)

£ B =2 40, P 023)

ol s ml e e Fm s ra

Bevacizumab in
Metastatic Breast Cancer
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