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Metastatic Breast Cancer: Advances in Treatment and

Management

TARGET AUDIENCE

This activity was developed for oncology nurses
and pharmacists who wish to enhance their com-
petence concerning the treatment of patients with
metastatic breast cancer.

LEARNING OBJECTIVES

After completing this activity, the reader should be

able to:

* Discuss the impact of metastatic breast cancer
and key parameters for disease stratification

e Describe the role of prognostic/genetic markers
and tumor histology in classifying breast cancer
subtypes and predicting treatment response

 Review advances in the treatment of metastatic
breast cancer, including the role of endocrine
therapy, chemotherapy, targeted therapy, and
bisphosphonates, with emphasis on targeted
therapies

e Examine effective patient-tailored treatment
approaches, based on recent data and clinical
practice guidelines

SPONSOR
This activity is jointly sponsored by Medical
Learning Institute, Inc., a nonprofit medical
accreditation company, and Center of Excellence
Media, LLC.

Ithough an estimated 207,090
Acases of breast cancer will be

diagnosed in the United States
in 2010,! mortality rates from the dis-
ease have been on the decline since
1990, especially in women younger than
50 years of age.? This decrease is likely
attributable to early detection through
screening, increased general awareness,
and improved therapies.” Nevertheless,
breast cancer remains the second lead-
ing cause of cancer-related death in
women, and is responsible for more
than 40,000 deaths a year in the
United States alone.!? The majority of
breast cancer-related deaths are a
result of complications from recurrent
or metastatic disease.

Metastatic breast cancer (MBC) is
uncommon at initial presentation,
occurring in only about 6% of newly
diagnosed cases.>> However, approxi-
mately 30% of women initially diag-
nosed with earlier stages of breast can-
cer eventually develop recurrent
advanced or metastatic disease.>* The
5-year relative survival rate for patients
with MBC is only 23%." Given this
poor prognosis, researchers continue to
focus their efforts on the development
of more effective and tolerable treat-
ments that may provide prolonged sur-
vival and improved quality of life.
Investigators are also striving to more
clearly identify biomarkers in breast
cancer that can be used to assess prog-
nosis and guide the selection of thera-
pies, in the hopes of offering more indi-
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vidualized treatment. As integral mem-
bers of the oncology team, it is essential
that nurses and pharmacists are aware of
the latest advances in the treatment and
management of MBC, including safety
and efficacy data from clinical trials
evaluating novel biologic and cytotoxic
agents, as well as administration guide-
lines and side-effect management
strategies pertaining to these therapies.

Breast Cancer Disease
Stratification: Predictive and
Prognostic Markers

Advances have recently been made in
the area of molecular profiling, which
may help clinicians more accurately
classify subtypes of breast cancer, as well
as predict risk of recurrence and
response to therapy.” A number of genes
have been identified as important pre-
dictive markers of chemotherapeutic
and targeted therapy efficacy, and may
be used to guide more patient-specific
treatment. The technology of DNA
microarray gene expression profiling has
led to a system of classifying breast can-
cer into the following major subtypes:
estrogen receptor (ER)-positive/human
epidermal growth factor receptor 2
(HER2)-negative (luminal A and B
subtypes); ER-negative/HER2-negative
(basal subtype); HER2-positive; and
tumors that are similar to normal breast
tissue (normal breast-like).® Retro -
spective analyses have shown that char-
acteristic relapse-free survival and over-
all survival (OS) are associated with
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these gene expression subtypes.® Key
tumor markers and their role in the
management of breast cancer are shown
in Table 1.7

Additional gene-based approaches
have been developed for prognostic and
predictive purposes. OncotypeDX is a
21-gene assay used to estimate the risk
of recurrence in patients with early-
stage, ER-positive, node-negative breast
cancer, and to identify patients who
may be successfully treated with tamox-
ifen alone (without chemotherapy).®”
This test uses reverse transcription poly-
merase chain reaction on RNA isolated
from paraffin-embedded breast cancer
tissue. MammaPrint is an assay that uses
microarray technology to analyze a 70-
gene expression profile from frozen
breast tumor tissue of patients with
early-stage, node-negative disease to
determine their risk of developing dis-
tant metastases.®8 Both of these multi-
gene expression tests are commercially
available and have been incorporated
into several diagnostic protocols. It is
important to note, however, that results
from prospective trials evaluating the
clinical value of these assays have yet to
be reported, although 2 such trials
(TAILORx and MINDACT) are cur-

rently under way.

Current Management Strategies for
Patients With MBC

Although survival rates for MBC have
improved over the past 20 years, the pri-
mary goal of treatment is still palliation.

e Georgia Litsas, MSN, ANP-BC, AOCNP, is on the
speakers’ bureau for Genentech, Novartis, and
Prizer.

The associates of Medical Learning Institute, Inc.,
the accredited provider for this activity, and
Center of Excellence Media, LLC, do not have any
financial relationships or relationships to prod-
ucts or devices with any commercial interest
related to the content of this CE activity for any
amount during the past 12 months.

DISCLAIMER

The information provided in this CE activity is for
continuing education purposes only and is not
meant to substitute for the independent medical
judgment of a healthcare provider relative to
diagnostic and treatment options of a specific
patient’s medical condition. Trade names used
in this article are for the learner’s reference
only. No promotion of or bias toward any prod-
uct should be inferred.

COMMERCIAL SUPPORT
ACKNOWLEDGMENT

This activity is supported by an educational grant
from Eisai, Inc.

The decision-making process regarding
the choice of agents and the sequencing
and duration of therapy for metastatic
disease is complex, and requires consid-
eration of numerous key factors, includ-
ing the pathology, histology, and clini-
cal characteristics of the tumor(s),
axillary node status, hormone receptor
(HR) and HER2 status, and patient-
related factors (eg, age, menopausal
status, and comorbid conditions).®

HR-Positive MBC
The goals of systemic therapy for recur-
rent or metastatic disease are prolonging
survival and improving quality of life.
Therefore, treatments with minimal
toxicity are usually preferred and often
include endocrine therapies (as opposed
to cytotoxic therapies). Patients with
HR-positive MBC (ie, those with
tumors that are ER- and/or progesterone
receptor [PR]-positive) may benefit
from initial endocrine therapy. Recent
data support treatment with a selective
aromatase inhibitor (Al) for post-
menopausal women with previous
antiestrogen therapy who are within 1
year of antiestrogen exposure.® For post-
menopausal women who are antiestro-
gen naive or more than 1 year from pre-
vious treatment with an antiestrogen,
tamoxifen or an Al is an appropriate
therapeutic option.® In this setting, Als
have shown a modestly superior out-
come compared with tamoxifen.®
Sequential treatment with endocrine
therapy may be beneficial at the time of
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disease progression.® Subsequent en-
docrine therapy may include non-
steroidal Als (anastrozole or letrozole); a
steroidal Al (exemestane); fulvestrant;
tamoxifen or toremifene; megestrol
acetate; fluoxymesterone; or ethinyl
estradiol.® For women with HR-positive
metastatic disease who have been previ-
ously treated with an Al or antiestrogen,
fulvestrant is an option that appears to be
well tolerated as a monthly injection,
with an efficacy profile similar to anastro-
zole and a longer duration of response.®

ER-Negative MBC

Both the American Society of Clinical
Oncology (ASCO) and the National
Comprehensive  Cancer  Network
(NCCN) guidelines indicate an absence
of benefit with endocrine therapy in
women with ER-negative, invasive
breast cancer, based on large, random-
ized, clinical trials.*” Chemotherapy has
been shown to be more effective in the
treatment of patients with this type of
breast cancer (compared with adjuvant
endocrine therapy),*'® with a dose-
dense regimen of doxorubicin, cyclo-
phosphamide, and paclitaxel showing
the greatest benefit in terms of reducing
the risk for recurrence and death.!!

HER2-Positive MBC

HER2 protein overexpression occurs
in 20% to 25% of breast tumors, often
leading to aggressive disease and poor
outcomes.'? Consequently, successful
targeting of HER2-positive tumors is an
important therapeutic goal. Patients
with this type of MBC may benefit from
treatment with trastuzumab as mono-
therapy or in combination with select
chemotherapy agents; or with a combi-
nation of capecitabine plus lapatinib for
patients who are refractory to treatment
with an anthracycline, a taxane, and
trastuzumab. The preferred first-line
agents for treating HER2-positive dis-
ease are listed in Table 2.6

Trastuzumab, a recombinant human
anti-HER2 monoclonal antibody, spe-
cifically targets signaling mechanisms of
HER2, which inhibits the growth of
tumor cells that overexpress the recep-
tor. The addition of trastuzumab to
anthracycline or taxane chemotherapy
in patients with HER2-positive breast
cancer has been shown to significantly
improve time to progression, rate of
objective response, and median sur-
vival.’? Trastuzumab combined with
other chemotherapeutic agents is also a
viable option, and a number of combi-
nations are available.® Clinical trials
evaluating trastuzumab combined with
other targeted agents, including per-
tuzumab and lapatinib, are currently
under way."?

Cardiac toxicity is a concern with
trastuzumab treatment, particularly
when this agent is combined with an
anthracycline.** According to NCCN
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Table 1

Key Tumor Markers in Breast Cancer’

Tumor Marker

Role

Estrogen receptor (ER)

Progesterone receptor (PR)

Human epidermal growth factor

receptor 2 (HER2)

Cancer antigen 15-3 (CA 15-3)
Cancer antigen 27.29 (CA 27.29)
Carcinoembryonic antigen (CEA)

Urokinase plasminogen activator

(uPA)

Plasminogen activator inhibitor

(PAIL-1)

Determine whether the cancer is likely
to be successfully treated with hormone
therapy, such as tamoxifen.

Determines whether the cancer can be
treated with an anti-HER2 treatment,
such as trastuzumab; in some cases, may
indicate whether additional treatment
with chemotherapy may be beneficial.

Found in 50% to 90% of patients with
metastatic disease, these tumor markers
may point to early recurrence or indicate
whether the cancer is responding to
treatment.

High levels of these markers may
indicate that the cancer is aggressive;
these markers may guide the use of
chemotherapy after surgery for patients
with node-negative disease.

guidelines, trastuzumab should not be
administered concurrently with an
anthracycline because of the risk of car-
diac toxicity, except as part of the
neoadjuvant regimen of trastuzumab
plus paclitaxel followed by cyclophos-
phamide/epirubicin/fluorouracil.® Close
monitoring of cardiac function is
advised for patients receiving trastuzu-
mab therapy.® Less serious side effects
associated with this agent include nausea,
vomiting, hot flashes, and joint pain.'*!®

The goals of systemic

therapy for recurrent or
metastatic disease are
prolonging survival and
improving quality of life.

Resistance to trastuzumab often de-
velops over time.'® One strategy for
overcoming this resistance involves
switching patients to lapatinib, a dual
tyrosine kinase inhibitor that blocks
HER?2 signaling through an alternative
mechanism.!® Lapatinib was approved
by the US Food and Drug Adminis-
tration (FDA) in 2007 for use in combi-
nation with capecitabine for the treat-
ment of patients with advanced or
metastatic disease whose tumors over-
express HER2 and who have received
prior therapy, including an anthracy-
cline, a taxane, and trastuzumab.!?!®
In February 2010, lapatinib received
approval for an expanded indication in
combination with letrozole for the treat-
ment of postmenopausal women with
HR-positive/HER2-positive MBC for
whom hormonal therapy is indicat-

ed.!”!® The approved labeling includes a
caution stating that hepatotoxicity is a
potentially serious adverse effect associ-
ated with lapatinib.'8

HR-Negative MBC and HR-Positive,
Endocrine-Refractory MBC

Cytotoxic chemotherapy is recommend-
ed for patients with HR-negative MBC
as well as HR-positive disease refractory
to endocrine treatment. The NCCN
guidelines recommend first-line single-
agent chemotherapy until progression of
disease.® However, the adverse events
associated with this therapy may neces-
sitate dose reductions or treatment ces-
sation.® Preferred single-agent and com-
bination chemotherapy regimens for
HR-negative and HR-positive, en-
docrine-refractory breast cancer, as out-
lined in these guidelines, are shown in

Table 3.

Recent Advances in the Treatment
of MBC

Treatment options for patients with
MBC continue to expand as investiga-
tors learn more about the biology of the
disease and the process of metastasis.
Recent advances in treatment include
the development of novel targeted
agents, new formulations of existing
drugs, and more effective combination
regimens.

Microtubule-Targeting Agents
Eribulin Mesylate

Eribulin mesylate, a nontaxane micro-
tubulin, was highlighted as a “notable
advance” in the treatment of breast
cancer in ASCQO’s annual report titled
Clinical Cancer Advances 2010. Re-
presenting a new class of agents, eribulin
is an analog of a chemical derived from
a marine sponge. This drug was
approved by the FDA in November
2010 for the treatment of patients with
MBC who previously received at least 2
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chemotherapy regimens. This decision
was based on preliminary results of the
pivotal phase 3 EMBRACE trial (N =
762), in which a significant improve-
ment in OS (median of 2.47 months)
was seen with eribulin compared with
treatment of physician’s choice (TPC).%
Results from an updated analysis of this
trial, presented at the 2010 San Antonio
Breast Cancer Symposium, were consis-
tent with these earlier findings, with a
median OS of 13.2 months for eribulin
versus 10.5 months for TPC.%! The most
recently updated NCCN practice guide-
lines list eribulin as a preferred single
agent for recurrent or metastatic
disease.®

The most common adverse events
(incidence >25%) associated with this
agent include neutropenia, asthenia/
fatigue, anemia, peripheral neuropathy,
nausea, and constipation.*

Ixabepilone
Ixabepilone, a semisynthetic analog of
epothilone B, received FDA approval in
2007 as both a single agent and in com-
bination with capecitabine for the treat-
ment of locally advanced and metastatic
disease.® Phase 2 clinical trials evaluat-
ing ixabepilone monotherapy in the
first-line setting have reported signifi-
cant activity in patients who have
received prior therapy with anthracy-
clines and taxanes.”

In a pivotal phase 3 trial comparing
ixabepilone plus capecitabine versus

LIELI A NCCN Guidelines: Preferred
First-Line Therapies for
HER2-Positive Breast Cancer®

Preferred First-Line Agents

Trastuzumab with:
e Paclitaxel + carboplatin
e Docetaxel
¢ Vinorelbine
e Capecitabine

Preferred Chemotherapy Agents
for Trastuzumab-Exposed HER2-

Positive Breast Cancer

Lapatinib plus capecitabine
e Trastuzumab plus other first-line
agents
e Trastuzumab plus capecitabine
e Trastuzumab plus lapatinib
(without cytotoxic therapy)

HER? indicates human epidermal growth factor receptor
2; NCCN, National Comprehensive Cancer Network.
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capecitabine alone in patients with
resistance to previous anthracycline and
taxane therapy, a significant improve-
ment in progression-free survival (PES)
was seen with the combination regimen
(6.2 months vs 4.4 months, respective-
ly; P = .0005).2

The most common adverse events
(=20% incidence) associated with
ixabepilone include peripheral neu-
ropathy, fatigue/asthenia, myalgia/
arthralgia, alopecia, nausea, vomiting,
stomatitis/mucositis, diarrhea, and
musculoskeletal pain.?*

Nab-paclitaxel

Nanoparticle albumin-bound (nab)-
paclitaxel is a solvent-free, albumin-
bound 130-nm particle form of paclitax-
el that was developed to avoid toxicities
associated with the cremophor vehicle
used in solvent-based paclitaxel. This
agent was approved by the FDA in
January 2005 for the treatment of breast
cancer after failure of combination ther-
apy for metastatic disease or relapse
within 6 months of adjuvant chemo-
therapy.”” A phase 3 trial (N = 454)
compared nab-paclitaxel with a conven-
tional formulation of the drug in MBC,
showing a higher target-lesion response
and objective response rates with nab-
paclitaxel.” In a separate phase 2 trial
(N = 302) in previously untreated
MBC, nab-paclitaxel demonstrated sig-
nificantly longer PFS than docetaxel by
both independent radiologist assess-
ment (12.9 vs 7.5 months, respectively;
P = .0065) and investigator assessment
(14.6 vs 7.8 months, respectively;
P =.012).%

Novel Combinations for HER2-
Positive MBC

In a recent phase 3 trial, dual HER2-
targeted therapy with lapatinib and
trastuzumab showed an increase in PFS

compared with lapatinib alone (12
weeks vs 8.1 weeks; P = .008) in

LU NCCN Guidelines: Preferred
First-Line Chemotherapies
for Patients With HR-Negative or HR-

Positive, Endocrine-Refractory Breast
Cancer®

Single Agents

Anthracyclines

¢ Doxorubicin

e Epirubicin

e Pegylated liposomal doxorubicin

Taxanes

e Paclitaxel

¢ Docetaxel

¢ Albumin-bound paclitaxel

Antimetabolites
e Capecitabine
e Gemcitabine

Nontaxane Microtubule Inhibitors
e Eribulin
e Vinorelbine

Combination Regimens

Cyclophosphamide, doxorubicin,
and fluorouracil (FAC/CAF)

Fluorouracil, epirubicin,

cyclophosphamide (FEC)

Doxorubicin, cyclophosphamide

(AC)
Epirubicin, cyclophosphamide (EC)

Doxorubicin in combination with
either docetaxel or paclitaxel (AT)

Cyclophosphamide, methotrexate,
fluorouracil (CMF)

Docetaxel, capecitabine

Gemcitabine, paclitaxel

HR indicates hormone receptor; NCCN, National
Comprehensive Cancer Network.

patients with heavily pretreated MBC
and disease progression on trastuzumab
therapy.”’ In addition, according to
recent data, the combination of lapa-
tinib, trastuzumab, and paclitaxel was
associated with a significant improve-

Update on Bevacizumab Use in Breast Cancer

ment in tumor response rate compared
with individual agents in patients with
HER2-positive disease.?

According to preliminary findings
from a phase 1b/2 trial, trastuzumab-
DM1 (T-DM1) plus pertuzumab dem-
onstrated encouraging safety and effica-
cy in women with HERZ2-positive,
locally advanced or metastatic disease
who were previously treated with tras-
tuzumab.” T-DM1, an HER2-targeted
antibody-drug conjugate, is composed
of the cytotoxic agent DM1, an anti-
microtubule agent, conjugated to the
monoclonal antibody trastuzumab.?*°
Pertuzumab, a humanized monoclonal
antibody, is the first HER2-directed
dimerization inhibitor for the treatment
of HER2-positive breast cancer. T-DM1
and pertuzumab bind to different HER2
receptors; combining these agents has
shown synergistic antitumor activity in
HER2-positive xenograft models.?**

Emerging Therapies for Triple-
Negative Disease

Triple-negative breast cancer (TNBC)
is a term used to describe tumors that
lack expression of ER, PR, and HERZ.
This type of breast cancer is associated
with rapid disease progression and poor
prognosis. Therefore, advances in treat-
ment for this subtype of disease are par-
ticularly noteworthy. A recent study
found that TNBC patients with
BRCAI/BRCA2 mutations appear to
have better survival than patients with-
out these mutations.*!

PARP Inhibitors

Poly(adenosine  diphosphate—ribose)
polymerase (PARP) inhibitors appear to
have clinical activity in BRCAI-/
BRCAZ2-associated cancer. Results from
a phase 2 study (N = 123) showed that
the PARP inhibitor, iniparib, plus
chemotherapy was associated with sig-
nificantly prolonged OS in TNBC,
compared with chemotherapy alone

(12.3 months vs 7.7 months, respective-
ly; hazard ratio for death, 0.57; P = .01).%2
In addition, another PARP inhibitor,
olaparib, is being investigated for its
potential activity when combined with
paclitaxel.** In a small study (N = 10), 4
patients achieved a partial response with
this combination; however, acceptable
dose intensity was delayed or not
achieved because neutropenia was
reported in a number of patients.’* In
another small study (N = 24), no
responses were observed in patients
with TNBC treated with olaparib plus

paclitaxel.”

Cetuximab

Cetuximab, an antibody that targets
epithelial growth factor receptor, is
being studied for its potential role in
treating TNBC. Based on results of a
recent phase 2 trial (N = 173), adding
cetuximab to cisplatin chemotherapy
in heavily pretreated patients with
TNBC resulted in twice the response
rate and twice the time to progression
compared with patients who received
cisplatin alone.*

Bone Disease in Patients With MBC
Bone metastasis, which occurs in approx-
imately 70% of patients with advanced
breast cancer,’® can lead to significant
skeletal morbidity, including bone pain,
pathologic fracture, hypercalcemia of
malignancy, and spinal cord compres-
sion.”® Patients with breast cancer who
are treated with Als (eg, anastrozole,
letrozole, exemestane) are at increased
risk for bone loss and fractures.’’
Bisphosphonates have demonstrated effi-
cacy in delaying the onset and reducing
the incidence of skeletal-related events
(SREs) associated with bone metasta-
sis.*® The recently approved agent, deno-
sumab, has also been shown to be effec-
tive in preventing these events in
patients with bone metastases from solid
tumors.*

n February 2008, the FDA granted accelerated

approval of bevacizumab in combination with

paclitaxel for the first-line treatment of HER2-
negative MBC. This approval was based on results of
E2100, a phase 3 trial in which initial treatment with
this combination almost doubled PFS compared with
paclitaxel alone in women with recurrent or metasta-
tic disease (11.8 months vs 5.9 months, respectively;
P <.001).! Subsequent phase 3 trials also demonstrat-
ed longer PFS when bevacizumab was added to vari-
ous first-line chemotherapeutic regimens for MBC,
but these gains were not as clinically significant as
those seen in the E2100 trial.>? A recent meta-analy-
sis of these trials failed to show an improvement in
OS with the addition of bevacizumab.*

Given the fact that bevacizumab use has been
associated with serious adverse events, including
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hypertension, bleeding, and febrile neutropenia,’*?

the FDA is now questioning whether the benefits of
this drug outweigh the risks for women with MBC.¢
After consideration of the data, the agency’s review
panel announced that it was revoking this indica-
tion.® The manufacturer of bevacizumab has request-
ed a hearing to maintain their drug as a treatment
option for HER2-negative MBC.” It should be noted,
however, that the European Medicines Agency and
the National Comprehensive Cancer Network have
both indicated that bevacizumab plus paclitaxel
should remain a therapeutic option for women with
this type of breast cancer.®
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Bisphosphonate Therapy
The use of bisphosphonates is consid-
ered a palliative care measure in patients
with MBC; these agents may also play a
role in preventing skeletal complica-
tions associated with bone loss.® The
2 intravenous (IV) bisphosphonates
approved by the FDA for the treatment
of bone metastases are zoledronic acid
and pamidronate. Both of these agents
have been studied in numerous clinical
trials, and zoledronic acid appears to be
superior to pamidronate in patients with
lytic breast metastasis.® Recent data also
suggest that zoledronic acid may have
antitumor properties.** Zoledronic acid
and pamidronate may help to decrease
the pain related to bone metastasis,
thereby reducing the need for supple-
mental analgesics in some patients.*!

Generally, IV bisphosphonates are
well tolerated. However, osteonecrosis
of the jaw (ON]), a rare but serious com-
plication, may occur.® Most reported
cases of ONJ during bisphosphonate
therapy have been associated with den-
tal procedures such as tooth extractions.
A dental examination is recommended
prior to treatment, and invasive proce-
dures during therapy should be avoided
whenever possible.®

In addition, serum creatinine should
be monitored prior to each dose of zole-
dronic acid or pamidronate. According
to recent data, short-term use (<12
months) of these agents is associated
with a low risk of renal dysfunction.*
However, the effects of extended thera-
py have not been studied extensively.*!

Denosumab

Denosumab, a fully human monoclonal
antibody, was approved by the FDA in
November 2010 for the prevention of
SREs in patients with bone metastases
from solid tumors.* This novel agent
inhibits bone resorption by specifically
targeting the receptor activator of
nuclear-factor kappa beta ligand
(RANKL) and its receptor, RANK, key
mediators of osteoclast formation and
function.”

Phase 3 data presented at the 2010
San Antonio Breast Cancer Sympo-
sium showed that denosumab was supe-
rior to zoledronic acid in delaying the
time to first on-study SREs by 18%, and
denosumab delayed the time to first-
and-subsequent on-study event by
22%.2 Moreover, in patients with
advanced breast cancer and bone
metastases who were at risk, the medi-
an time to first on-study SRE was 5
months longer in the denosumab group
compared with the zoledronic acid
group. Denosumab was also associated
with less pain, less interference with
daily functioning, and improved
health-related quality of life, based on
other data presented at this meeting.*

In general, the rate of adverse events

www. TheOncologyPharmacist.com

associated with denosumab was similar
to the rate observed with zoledronic
acid; cases of ON] were rare, and
hypocalcemia was more frequent in the
denosumab arm.** Calcium levels must
be monitored in patients receiving
denosumab, and administration of calci-
um, magnesium, and vitamin D may be
required.”” The most common adverse
events associated with denosumab were
fatigue/asthenia, hypophosphatemia,
and nausea; dyspnea was the most com-
mon serious adverse event.*

HER2 protein over-
expression occurs in
20% to 25% of breast
tumors, often leading to
aggressive disease and
poor outcomes.

Conclusion

Extended survival and improved quality
of life are of paramount importance in
patients with MBC. Advances in sys-
temic, hormonal, and targeted therapies
are yielding novel approaches and pro-
tocols that hold promise for improving
clinical outcomes. Addressing pain and
other disease-related comorbidities and
preventing SREs are also key aspects of
managing patients with MBC. The
approach to treatment continues along
the path of personalized care plans that
are based on tumor/disease profile,
patient-specific factors, and patient and
physician preferences. Increasing atten-
tion is being directed toward the use of
genetic markers and other tools that
help clinicians stratify patients who will
receive maximal benefit from a specific
therapy while sparing those patients
who may not benefit from such regi-
mens. Research continues to focus on
the development of novel therapies that
increase response and survival time for
patients with MBC, while minimizing
toxicity and other adverse events. ®
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reast cancer is the most common
Bfemale malignancy worldwide,
with an annual global incidence

of over 1 million and a resulting
450,000 deaths.! Although the diagno-
sis of localized breast cancer is more
common since the advent of screening
mammogram guidelines, the number of
women diagnosed with metastatic dis-
ease is still significant.? The prognosis
for advanced metastatic breast cancer
(MBC) is very poor, with only 1 in 5
women surviving for 5 years.?

Anthracyclines and taxanes are
among the most active drugs used to
treat breast cancer; however, a signifi-
cant number of patients become resis-
tant to these therapies over time, result-
ing in low response rates.** In some
cases, resistance is due to the expression
of multidrug-resistant (MDR) protein
products of the MDR gene, such as P-
glycoprotein. This results in the produc-
tion of drug efflux pumps, which active-
ly transport many chemotherapy agents,
such as taxanes, out of cancer cells.’

Drug resistance is especially problem-
atic for patients with triple-negative
breast cancer (TNBC) and/or breast
cancer with the BRCA mutation (defi-
ciency), as these types of malignancies
are inherently resistant to most cytotox-
ic therapies.® In the case of TNBC,
patients who develop resistance are left
with very limited treatment options, as
they are not candidates for hormonal or
targeted agents, due to a lack of tumor
receptors. Furthermore, TNBC is the
most aggressive type of breast cancer and
is associated with the poorest prognosis.’

There is an important need for novel
agents to address these challenges in
the treatment of breast cancer. Two
new cytotoxic drug classes, epothilones
and halichondrins, and 1 new targeted
drug class, poly(adenosine diphos-
phate-ribose) polymerase (PARP) in-
hibitors, have been developed to meet
this need.

Novel Microtubule-Targeting
Agents

Ixabepilone

Ixabepilone was the first agent from the
epothilone class to be approved by the
US Food and Drug Administration
(FDA) for the treatment of metastatic
or locally advanced breast cancer.
Epothilones are naturally occurring
macrolide antibiotics, produced by the
myxobacterium Sorangium cellulosum,
and are nontaxane microtubule inhib-
itors. The taxanes exert their cytotoxic
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iEL:M Phase 3 Trial of Ixabepilone Plus Capecitabine Versus Capecitabine Alone in
MBC Resistant to Anthracyclines and Taxanes®
Ixabepilone
+ Capecitabine Capecitabine P Value
Median PFS, 6.2 4.2 .0005
months
ORR, % 43 29 .0001
Best response, N (%)
CR 16 (3) 11 (2)
PR 184 (40) 122 (26)
SD 170 (37) 182 (39)
PD 57 (12) 111 (24)
CR indicates complete response; MBC, metastatic breast cancer; ORR, objective response rate;
PD, progressive disease; PES, progression-free survival; SD, stable disease.

effect by binding tubulin, and stabiliz-
ing the microtubule and inhibiting its
disassembly, ultimately leading to cell
death by apoptosis. Although epo-
thilones have a similar mechanism of
action, these novel agents bind to tu-
bulin at a different site. Importantly,
epothilones appear to retain activity in
cell lines expressing the P-glycoprotein
pump, which, as mentioned earlier, is a
known cause of resistance to agents
such as taxanes.®

In the case of TNBC,
patients who develop
resistance are left with
very limited treatment
options.

The combination of ixabepilone plus
capecitabine was evaluated in a phase 3
randomized double-blind clinical trial
of patients with MBC resistant to treat-
ment with anthracyclines and taxanes.
As shown in the Table, this combina-
tion was associated with significantly
longer median progression-free survival
(PFS) than capecitabine alone (6.2 vs
4.2 months; P = .0005), as well as a
higher response rate (43% vs 29%;
P <.0001).° Ixabepilone monotherapy
has also demonstrated clinical activity
in patients with MBC after failure of
capecitabine in several phase 2 trials,
with objective response rates ranging

from 12% to 18%.10-12
The main toxicities observed in clin-

ical trials of ixabepilone have included
peripheral neuropathy, fatigue, myal-
gia/arthralgia, diarrhea, neutropenia,
and less commonly, hypersensitivity
infusion reactions. Ixabepilone is recon-
stituted with a supplied diluent contain-
ing polyethoxylated castor oil, which is
a known cause of reactions with other
agents, such as paclitaxel.”

Based on data from the above-men-
tioned trials, ixabepilone was approved
by the FDA in 2007 for the following
indications: (1) in combination with
capecitabine for treatment of patients
with metastatic or locally advanced
breast cancer resistant to treatment
with an anthracycline and a taxane or
whose cancer is taxane resistant and for
whom further anthracycline therapy is
contraindicated, and (2) as single-agent
therapy for the treatment of metastatic
or locally advanced breast cancer in
patients whose tumors are resistant or
refractory to anthracyclines, taxanes,
and capecitabine.!4

According to the approved package
labeling, ixabepilone should be admin-
istered intravenously (IV) over 3 hours
at a dose of 40 mg/m? (to a maximum of
88 mg for patients with a body surface
area >2.2 m?) every 3 weeks. Patients
should be premedicated with a hista-
mine-1 antagonist such as diphenhy-
dramine and a histamine-2 antagonist
such as ranitidine 1 hour before ixabepi-
lone and should be closely monitored
for hypersensitivity reactions prior to
the first 2 infusions. Ixabepilone is
extensively metabolized by the liver,
and the package labeling contains spe-
cific dosing recommendations for
patients with hepatic impairment.'* In
fact, the combination of ixabepilone
and capecitabine is contraindicated

Novel Targeted Agents for the Treatment of Metastatic
Breast Cancer

By Joanna Schwartz, PharmD, BCOP
Department of Pharmacy Practice, Albany College of Pharmacy and Health Sciences, Colchester, VT

when the total bilirubin rises over the
upper limit of normal. This prescribing
information should be consulted for
specific dose adjustments for patients
with elevated liver function tests or sig-
nificant toxicities, such as neutropenia
or neuropathy. Complete blood counts,
examination for neurologic symptoms,
and liver function tests should be per-
formed prior to every dose, and the use
of strong cytochrome P-450 3A4
inhibitors (including grapefruit juice)

should be avoided.™

Eribulin Mesylate

Eribulin mesylate is a novel microtubule
inhibitor with a distinct mechanism of
action. Other microtubule inhibitors,
such as taxanes, vinca alkaloids, and
epothilones, inhibit both growth and
shortening of microtubules. In contrast,
eribulin suppresses microtubule growth
with no effect on microtubule shorten-
ing, and also sequesters tubulin into
nonfunctional aggregates. It is a syn-
thetic analog of the marine natural
macrolide halichondrin B, which was
first isolated from the Japanese sponge
Halichondria okadai, and is the first in
class of the halichondrins.

Eribulin was FDA approved in
November 2010 for the treatment of
patients with MBC who have previous-
ly received anthracyclines and taxanes,
based on the results of the pivotal phase
3 EMBRACE trial. This study was
designed to represent common practice
situations in that the 762 enrolled
patients with metastatic or locally
recurrent breast cancer had been heavi-
ly pretreated with 2 to 5 previous
chemotherapy regimens that included
an anthracycline and a taxane.'
Furthermore, patients were randomized
to eribulin or a treatment of physician’s
choice (TPC), which could be any
monotherapy (cytotoxic, hormonal,
biologic) or supportive care only. This
choice was considered representative of
actual practice scenarios, since there is
no current standard of care for breast
cancer patients after failure of anthracy-
clines and taxanes. The primary end
point of this trial was overall survival
(OS); secondary end points were objec-
tive response rate, PFS, and duration of
response. Median OS was significantly
prolonged with eribulin compared with
TPC (13.12 vs 10.65 months, a differ-
ence of 2.47 months; P = .041). The 1-
year survival was 53.9% with eribulin
and 43.7% with TPC (Figure 1).'°
Although the trial did not show a statis-
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tically significant improvement in PFS

(albeit a strong trend in favor of eribu-
lin), the results are still significant in
that eribulin is the first agent to demon-
strate an OS advantage for MBC since
docetaxel was approved more than 10
years ago.

The main toxicities observed in the
eribulin arm of the trial were neutro-
penia, anemia, peripheral neuropathy,
alopecia, nausea (mostly mild), myal-
gia/arthralgia, fatigue, constipation, and
QT prolongation (rare).'* According to
the package labeling, eribulin should be
avoided in those with congenital long
QT syndrome, and electrolytes should
be corrected prior to initiating therapy,
and monitored periodically during
treatment.'’

Eribulin should be administered 1V
over 2 to 5 minutes at a dose of 1.4
mg/m? on days 1 and 8 of a 21-day cycle.
Because eribulin is extensively hepati-
cally cleared with some metabolites
being renally cleared, the package label-
ing should be consulted for suggested
dosing modifications for mild-to-
moderate hepatic impairment and/or a
creatinine clearance <50 mL/min.
There is no safety data or dosing recom-
mendations for those with a creatinine
clearance <30 mL/min. Patients should
be assessed for peripheral neuropathy
and with complete blood counts prior
to each dose, and therapy should be
delayed for significant neuropathy or an
absolute neutrophil count <1000/mm’
and/or platelets <75,000/mm’®. The
package labeling should also be consult-
ed for suggested dosage reductions in
the event of very low blood counts,
febrile neutropenia, or toxicities that do
not resolve within 7 days.!”

PARP Inhibitors for MBC

PARP inhibitors appear to be among
the most promising agents being studied
for the treatment of BRCA-mutated
breast cancer and TNBC. Both BRCAI
and BRCA2 are involved in the repair
of DNA damage (in particular, double-
strand DNA breaks), which arises from
exposure to chemotherapy. This process
is known as homologous recombina-
tion. DNA damage is essential in the
treatment of cancer, as it triggers cell
cycle arrest and cell death.'® In women
with BRCA-mutated breast cancer, the
tumor loses the wild-type allele of
BRCALI or 2 and is left with a nonfunc-
tioning BRCA1 or 2 protein.!?! When
this occurs, another pathway of DNA
repair, known as base excision repair,
allows the cancer cell to recover from
DNA damage. This pathway is depend-
ent on the function of enzymes called
PARPs, which repair single-strand
DNA breaks. Investigators have
hypothesized that PARP inhibition, in
conjunction with the loss of DNA
repair via BRCA-dependent mecha-
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Two new agents, ixabepilone and eribulin, are novel
microtubule agents that have been FDA approved
and provide options for patients who are resistant or
intolerant to other therapies.

nisms, may result in synergistic tumor
cell death (Figure 2).2 Triple-negative
tumors, while not all stemming from
BRCA mutation, share characteristics
with BRCAI-associated breast tumors
and may harbor other genetic lesions
that impair double-strand repair.’!
Currently, there are 8 PARP inhib-
itors in clinical trial development
worldwide, but only 3 agents are being
evaluated in late-stage clinical trials:
olaparib, veliparib, and iniparib. To
date, the largest and most promising tri-
als of PARP inhibitors in breast cancer
include a phase 2 multicenter, single-
arm trial of olaparib in patients with
refractory, advanced BRCA-mutated
breast cancer,” and a randomized, phase

2 trial investigating iniparib in combi-
nation with gemcitabine and carbo-
platin in patients with TNBC.*
Additionally, results of a small phase 2
trial of veliparib in combination with
temozolomide in patients with ad-
vanced refractory breast cancer (not
restricted to BRCA or triple-negative
status) were recently presented at the
2010 American Society of Clinical
Oncology annual meeting. Although
these were only preliminary findings,
several excellent clinical responses were
reported, including 1 complete response
and 2 partial responses in 24 evaluable
patients.”

In the phase 2 single-agent study,” 54
women with recurrent MBC and con-

physician’s choice.

Cl indicates confidence interval; HR, hazard ratio; MBC, metastatic breast cancer; TPC, treatment of

Figure 1. Survival data from a phase 3 trial of eribulin versus treatment of
physician’s choice in previously treated patients with MBC.®

Society.

Reprinted with permission from Iglehart JD, Silver DP: Synthetic lethality—a new direction in cancer-
drug development. N Engl J Med. 2009;361:189-191. Copyright © 2009 Massachusetts Medical

Figure 2. Mechanism of cell death from synthetic lethality, as induced by
inhibition of poly(adenosine diphosphate-ribose) polymerase 1 (PARP1).2?

firmed BRCA mutations were adminis-
tered olaparib 100 or 400 mg orally
twice daily. The overall response rate
was 22% in the 100-mg group and 41%
in the 400-mg group. In the phase 2
combination study,?* 123 women with
metastatic TNBC were randomized to
either gemcitabine and carboplatin
alone, or the same agents in combina-
tion with [V iniparib on days 1, 4, 8, and
11 of a 21-day cycle. Updated results of
this trial showed that the combination
with iniparib extended OS by approxi-
mately 4 months compared with gem-
citabine/carboplatin alone (12.3 vs 7.7
months, P = .01).

Results of these studies indicate the
potential of PARP inhibition as a
tumor-specific target in specific patient
populations, considering most of the
participants had been refractory to sev-
eral prior therapies. As a class, the
PARP inhibitors are well tolerated,
and the most common toxicities seen
in clinical trials have included low-
grade fatigue and nausea.”’”?> Before
PARP inhibitors can be considered for
possible wider use outside of clinical
trials, it will be necessary to identify
the best candidates for this therapy and
to determine which agents will be most
effective when used in combination with
specific PARP inhibitors. In addition,
the clinical activity of these agents needs
to be assessed in ongoing randomized,
comparative, phase 3 trials.

Conclusions

Limited options make the successful
treatment of MBC difficult. Current
treatment options include anthracy-
clines, taxanes, and capecitabine. Re-
sistance to these classes of drugs is often
acquired, thus highlighting the need for
newer agents capable of managing treat-
ment-resistant disease. Two new agents,
ixabepilone and eribulin, are novel
microtubule agents that have been FDA
approved and provide options for
patients who are resistant or intolerant
to other therapies. The addition of
these therapies into the breast cancer
armamentarium has expanded treat-
ment options for patients with MBC.
Several PARP inhibitors are in late-
phase development and in the future
may provide promising treatment
options to specific patients, especially
women with BRCA mutations or
TNBC. Continued research into these
agents will be necessary to further
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define their place in therapy. Further
results of ongoing studies with all of
these agents are keenly awaited. ®
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