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Treatment Options for Breast Cancer Resistant to Anthracycline and Taxane
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Breast cancer is the most common noncutaneous malignancy
among every major ethnic group of women in the United States.
Anthracyclines and taxanes are the most active and widely used
chemotherapeutic agents for breast cancer, but the increased use
of these agents at an early stage of disease often renders tumors
resistant to these drugs by the time the disease recurs, thereby
reducing the number of treatment options for metastatic disease.
Moreover, even when these agents can be used in the metastatic
setting, treatment failure occurs in most cases, and as a result the
5-year survival rates of patients with metastatic breast cancer are
low. This outcome underscores the need for new, effective treat-
ments of metastatic breast cancer and has led to investigation of
novel ways to overcome the problem of drug resistance. This article
reviews the current treatment options for breast cancer resistant to
anthracycline and taxane and provides recommendations for dis-
ease management. Published sources for this review were found by
searching PubMed (https://www.ncbi.nlm.nih.gov/pubmed) and
congress Web sites.
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ABC = ATP-binding cassette; BCRP = breast cancer resistance protein;
Cl = confidence interval; EGFR = epidermal growth factor receptor;
FDA = Food and Drug Administration; HER2 = human epidermal growth
factor receptor 2; IRR = independent radiology review; MBC = meta-
static breast cancer; MDR = multidrug resistance protein; NCCN =
National Comprehensive Cancer Network; ORR = overall response rate;
0S = overall survival; PARP-1 = poly-ADP-ribose polymerase 1; PFS =
progression-free survival; TN = triple negative; TTP = time to progres-
sion; VEGF = vascular endothelial growth factor

B reast cancer is the most common noncutaneous malig-
nancy among every major ethnic group of women in
the United States, annually causing nearly 40,000 deaths in
the United States and more than 400,000 deaths world-
wide.!? Anthracyclines and taxanes are the most active and
widely used chemotherapeutic agents for treating breast
cancer in hormone receptor—negative patients and those
whose disease progresses while they are taking hormone
therapy .’ These agents are commonly used in the adjuvant
setting, either in combination or sequentially.* A meta-
analysis of 13 clinical trials involving nearly 23,000
women with high-risk, early-stage breast cancer showed
that incorporating taxanes into anthracycline-based regi-
mens significantly improves disease-free survival and
overall survival (OS) rates.> This benefit is evident regard-
less of hormone receptor status, degree of nodal involve-
ment, age, menopausal status, and type of taxane or admin-
istration schedule. Anthracyclines and taxanes, either alone
or in combination, are also the preferred option for hor-
mone receptor—negative patients with metastatic breast
cancer (MBC).” Response rates of 25% to 69% have been
reported when taxanes (paclitaxel or docetaxel) are used as

first-line treatment of MBC.®! In several phase 2 studies,
Perez et al'''* demonstrated the activity and beneficial
therapeutic ratio of weekly paclitaxel as a single agent or in
combination with chemotherapy and biological therapy for
MBC.

Because of the increase in use of anthracyclines and
taxanes as therapy for early-stage breast cancer, many pa-
tients’ tumors are resistant to these agents by the time of
disease recurrence, thereby reducing the number of treat-
ment options for MBC. Moreover, even when these agents
can be used to treat MBC, treatment failure occurs in most
cases; as a result, the 5-year survival rate of patients with
MBC is only 27%.' These data underscore the need for
new, effective treatments of MBC and have led to the
investigation of novel methods for overcoming the prob-
lem of drug resistance. Resistance to anthracycline and
taxane may be defined clinically as disease recurrence
within 6 months of completion of adjuvant or neoadjuvant
treatment with these agents or tumor progression that oc-
curs during treatment or within 3 months of the last dose of
treatment.'* This article reviews the main treatment options
for anthracycline- and taxane-resistant breast cancer and
provides recommendations for disease management.

METHODS

Findings of published abstracts, primary manuscripts, sec-
ondary papers, and reviews are summarized in this review.
These sources were found by searching PubMed (https://
www .ncbi.nlm.nih.gov/pubmed) and congress Web sites
(American Society of Clinical Oncology, San Antonio
Breast Cancer Symposium). Search terms included “Breast
Neoplasms” [MeSH] OR “breast neoplasm*” OR “breast
cancer” OR “breast tumor*” OR “breast tumour*” OR
“cancer of the breast” plus “Neoplasm Recurrence, Local”
[MeSH] OR “Recurrence” [MeSH] OR “recurrent” OR
“recurrence” OR “refractory” OR “Drug Resistance”
[MeSH] OR “Drug Resistance, Neoplasm” [MeSH] OR
“resistant” OR “resistance” OR “pre-treated” OR “pre
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TREATMENT OPTIONS FOR BREAST CANCER RESISTANT TO ANTHRACYCLINE AND TAXANE

TABLE. Resistance Proposed to be Conferred by Overexpression
of P-glycoprotein and Other ABC Transporters®

P-glycoprotein MRP-1 BCRP
Anthracyclines Yes Yes Yes®
Taxanes Yes No No
Epothilones No No No
Vinca alkaloids Yes Yes No
Mitoxantrone Yes Yes Yes®

% ABC = adenosine triphosphate (ATP)-binding cassette; BCRP = breast
cancer resistance protein; MRP-1 = multidrug resistance protein 1.

® Wild-type BCRP confers resistance to mitoxantrone but not
anthracyclines, whereas BCRP with an arginine-to-threonine mutation
at amino acid 482 confers resistance to anthracyclines but not
mitoxantrone.

Data from Ann Oncol' and Mol Cancer Ther."

treated” OR “pretreated” OR “metastatic.” Search terms
used to find reports about triple-negative breast cancer were
“triple negative” OR “triple-negative” OR “basal-like” OR
“HER-2 negative” OR “HER2-negative” AND “estrogen-
receptor negative” OR “ER-negative” AND “progesterone-
receptor negative” OR “PR-negative.” No date limitations
were imposed on the searches. The studies selected were
phase 2 or phase 3 trials, particularly those supporting drug
approvals in the MBC setting (where applicable).

MECHANISMS OF ANTHRACYCLINE AND
TAXANE RESISTANCE

Anthracyclines form complexes with DNA and topoisom-
erase II to impair DNA replication and repair, thereby
promoting apoptosis via p53 DNA damage sensors and
caspase mechanisms. They also act via oxidant mecha-
nisms that lead to cellular apoptosis.'> Taxanes bind revers-
ibly to B-tubulin to stabilize microtubule complexes and
promote microtubule polymerization, causing cell-cycle
arrest and apoptosis.'®

Preclinical evidence suggests that resistance to anthra-
cyclines may develop via multiple cellular mechanisms."”
Overexpression of P-glycoprotein and other adenosine
triphosphate (ATP)-binding cassette (ABC) transport pro-
teins confers multidrug resistance; these pumps promote
drug efflux and thereby reduce drug concentrations within
tumor cells.'® P-glycoprotein is the most important member
of the ABC family because it confers the strongest resis-
tance to the widest variety of anticancer drugs, including
both anthracyclines and taxanes (Table).'®!° The breast
cancer resistance protein (BCRP) is another member of the
ABC family that is involved in drug resistance in the ab-
sence of overexpression of known multidrug resistance
transporters, such as P-glycoprotein or the multidrug resis-
tance protein (MDR). The BCRP was first identified in the
breast cancer cell line MCF7/AdrVp,” and its over-
expression confers resistance to anthracyclines but not to

taxanes. Anthracycline resistance may also be mediated by
antioxidant defense mechanisms, topoisomerase II muta-
tions, overexpression of transcription-linked DNA repair
mechanisms, and alterations in apoptotic signaling.”> Be-
sides P-glycoprotein overexpression, taxane resistance may
be caused by P-tubulin gene mutations, overexpression of
class III B-tubulin or microtubule-associated proteins, or
alterations in mitotic checkpoint signaling proteins.'® Class
IIT B-tubulin overexpression has been associated with
lower response rates and shorter survival times in response
to taxane therapy.”!

Although preclinical evidence demonstrating anthra-
cycline and taxane resistance is substantial and has in-
creased our understanding of the underlying mechanisms
responsible for this resistance, relatively few data are avail-
able to show how resistance actually develops in the clini-
cal situation, within individuals or groups of patients with
breast cancer. Further research in this area will be of great
interest.

TREATMENT OPTIONS AFTER EXPOSURE
TO ANTHRACYCLINE AND TAXANE

Treatment options for recurrent breast cancer and MBC are
shown in Figures 1 through 3.>%2 The choice of therapy for
each patient depends on several interlinking factors, in-
cluding tumor type, disease stage, functional status, and
treatment history, particularly any previous adjuvant
therapy for early breast cancer. Anthracycline or taxane
regimens are still relevant first-line therapies for recurrent
breast cancer or MBC if the tumor has progressed after
previous (eg, adjuvant) exposure to one but not both types
of drug, leaving the remaining class of therapy open to the
clinician and patient.* Additionally, it may still be possible
to derive subsequent benefit from administration of a sec-
ond taxane if tumor progression has occurred during treat-
ment with the first taxane (eg, retreatment with paclitaxel if
previous failure of first-line paclitaxel therapy occurred >1
year earlier; or second-line treatment with docetaxel after
previous treatment with paclitaxel; or second-line treat-
ment with albumin-bound paclitaxel after previous doce-
taxel therapy).?%

TREATMENT OPTIONS FOR RESISTANT
BREAST CANCER

CHEMOTHERAPIES

For patients with breast tumors that do not express human
epidermal growth factor receptor 2 (HER2), the preferred
chemotherapy options (although not all have been ap-
proved by regulatory agencies such as the Food and Drug
Administration [FDA]) for patients whose tumors have
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Previously exposed to anthracyclines?

Yes

Previously exposed to taxanes? No

Yes

No

Off-trial first-line therapy: HER2-negative*
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FIGURE 1. Firstline options for recurrent or metastatic breast c
cyclophosphamide; AT = doxorubicin plus docetaxel or paclitaxel

ancer resistant to anthracyclines and/or taxanes. AC = doxorubicin/
; CAF/FAC = cyclophosphamide, doxorubicin plus fluorouracil; CMF =

cyclophosphamide, methotrexate, fluorouracil; EC = epirubicin plus cyclophosphamide; FEC = fluorouracil, epirubicin plus cyclophosphamide;

HER2 = human epidermal growth factor receptor 2.
*Regimens are supported by clinical trial data and/or under clinical

investigation (source: www.clinicaltrials.gov).

TThese regimens are also recommended by the National Comprehensive Cancer Network for recurrent or metastatic breast cancer (line of

therapy unspecified).
FThese regimens are Food and Drug Administration approved as dis

progressed during therapy with anthracycline and/or taxane
are capecitabine (Xeloda), gemcitabine (Gemzar), vinorel-
bine (Navelbine), liposomal doxorubicin (pegylated [Doxil]
or nonpegylated [Caelyx]), albumin-bound paclitaxel
(Abraxane), and the recently approved epothilone B analog
ixabepilone (Ixempra), both as single agents and in combina-
tion regimens?®’???* (Figures 1-3).

Mayo Clin Proc. *  June 2009;84(6):5.

cussed in the text.

Capecitabine. Capecitabine is an oral prodrug that is
converted by thymidine phosphorylase—an enzyme found
at higher levels in tumor cells than in normal tissues —into
the antimetabolite 5-fluorouracil.®*?” In phase 2 studies
involving patients with MBC who had been previously
treated with anthracycline and taxane, single-agent cape-
citabine produced overall response rates (ORRs) of 15% to
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Off-trial second-line therapy: HER2-negative*

Single agents Combinations

Ixabepilone plus capecitabinet¥

Docetaxel plus capecitabine ¥

Gemcitabine =
cisplatin/carboplatin

Capecitabinet¥
Nab-paclitaxelt ¥
Ixabepilonet¥
Vinorelbinet
Gemcitabinet

HER-2 positive*

Lapatinib plus capecitabine (following progression
on trastuzumab)t§

Trastuzumab monotherapyt¥

Second-line chemotherapy plus trastuzumab

FIGURE 2. Second-line options for recurrent or metastatic breast

cancer resistant to anthracyclines and/or taxanes.

*Regimens are supported by clinical trial data and/or under clinical
investigation (source: www.clinicaltrials.gov).

TThese regimens are also recommended by the National Compre-
hensive Cancer Network (line of therapy unspecified).

FThese regimens are Food and Drug Administration approved as
discussed in the text.

29%, median times to progression (TTP) of 2.8 to 6.2
months, and median OSs of 8.1 to 15.2 months.?”*® Dose-
limiting adverse effects associated with capecitabine in-
cluded hand-foot syndrome (grade 3 in 5%-22% of pa-
tients) and diarrhea (grade 3/4 in 5%-19% of patients).” In
a phase 3 study of patients with advanced breast cancer
who had previously been treated with anthracycline,
capecitabine plus docetaxel achieved significantly better
ORRSs (42% vs 30%; P=.006), longer median TTPs (6.1 vs
4.2 months; P<.001), and longer median OSs (14.5 vs 11.5
months; P<.001) than docetaxel alone.” Capecitabine is
currently approved by the US FDA as monotherapy for
patients with MBC whose tumors are resistant to paclitaxel
and an anthracycline or resistant to paclitaxel in which an
anthracycline-based regimen is contraindicated. Capeci-
tabine in combination with docetaxel is also indicated for
MBC after failure of previous anthracycline therapy .
Gemcitabine. Gemcitabine is an antimetabolite that is
incorporated into DNA. Phase 2 studies of single-agent
gemcitabine as treatment of MBC have demonstrated re-
sponse rates of 14% to 37% for chemotherapy-naive pa-
tients and 12% to 30% for patients previously treated with
anthracycline or taxane.’ In a global phase 3 study involv-
ing 529 patients with advanced breast cancer who had
previously been treated with anthracycline, paclitaxel was
administered as first-line therapy every 3 weeks either
alone or in combination with gemcitabine. The combina-

tion produced higher ORRs (41.4% vs 26.2%; P=.0002),
longer median TTPs (6.1 vs 4.0 months; P=.0002), and
longer OSs (18.6 vs 15.8 months; P=.049) than paclitaxel
alone.” However, only 15% of patients in the paclitaxel-only
arm crossed over to gemcitabine when their disease pro-
gressed,® and the reported median OS for both treatment
arms was lower than currently expected for patients with
newly diagnosed MBC (18-36 months).>**” Nevertheless,
on the basis of the results of this phase 3 trial, gemcitabine
combined with paclitaxel was approved in the United
States as first-line treatment of patients with MBC after
failure of previous adjuvant chemotherapy containing
anthracycline.®

Gemcitabine has also shown efficacy in treating patients
with MBC when given in combination with docetaxel. A
European randomized phase 3 study involving 295 patients
who had been previously treated with anthracycline dem-
onstrated that gemcitabine plus docetaxel was as effective
(ORR, 27%; 95% confidence interval [CI], 18.4%-34.7%)
as capecitabine plus docetaxel (ORR, 31%; 95% CI,
22.6%-39.5%) but with significantly less nonhemato-
logical toxicity.*® A recent systematic meta-analysis of 83
clinical trials concluded that, although available findings
do not support the use of gemcitabine as a standard option
beyond the second-line treatment setting, this agent is ef-
fective when administered with a taxane as first-line or
second-line therapy for MBC.%

Off-trial third- and subsequent-line therapy: HER2-negative *

Single agents Combinations

Capecitabinets | | Ixabepilone plus capecitabinetf
Ixabepilonet¥ Gemcitabine =

Vinorelbinet cisplatin/carboplatin
Gemcitabinet

Irinotecan

HER2-positive *

Lapatinib plus capecitabine (following progression
on trastuzumabt¥: preferred as second-line
therapy)

Trastuzumab monotherapyt¥

Third-line chemotherapy plus trastuzumab

FIGURE 3. Third- and subsequent-line options for recurrent or meta-

static breast cancer resistant to anthracyclines and/or taxanes.

*Regimens are supported by clinical trial data and/or under clinical
investigation (source: www.clinicaltrials.gov).

TThese regimens are also recommended by the National Compre-
hensive Cancer Network (line of therapy unspecified).

FThese regimens are Food and Drug Administration approved as
discussed in the text.

536 Mayo Clin Proc. *  June 2009;84(6):533-545 »  www.mayoclinicproceedings.com



TREATMENT OPTIONS FOR BREAST CANCER RESISTANT TO ANTHRACYCLINE AND TAXANE

Vinorelbine. Vinorelbine is a semisynthetic vinca alka-
loid that is active as a single agent and in combination with
other chemotherapy or biologic agents in the treatment of
MBC.*'#* A study involving 40 patients with MBC demon-
strated that weekly treatment with vinorelbine, after failure
of anthracycline and taxane regimens, achieved an ORR of
25%, with a median TTP of 6 months (range, 4-12 months),
and a median OS of 6 months (range, 2 to =18 months).** In
a phase 3 study involving patients with MBC who had been
previously treated with anthracycline and taxane, the com-
bination of vinorelbine plus gemcitabine achieved longer
median progression-free survival (PFS) times than did
vinorelbine alone (6.0 vs 4.0 months; P=.0028), with a
trend toward increased ORR (36% vs 26%; P=.09), but it
did not prolong OS (15.9 vs 16.4 months; P=.80). The
incidence of hematologic toxicity was also higher with the
combination regimen.* Most recently, an open-label, pro-
spective phase 2 study assessed the efficacy of vinorelbine
in combination with capecitabine for 31 patients with MBC
who had undergone previous treatment with anthracyclines
and taxanes. The combination therapy achieved an ORR of
49% (95% CI, 30%-67%), a median TTP of 7.6 months
(95% CI, 5.7-9.8 months), and a median OS of 27.2
months.** Of note, although vinorelbine may be used fairly
commonly, it has not been approved by US regulatory
agencies for treatment of patients with breast cancer.

Liposomal Doxorubicin. Liposomal doxorubicin is a
formulation of anthracycline doxorubicin in which the par-
ent drug is enclosed (encapsulated) in a fatty coating
known as a liposome. This formulation was developed so
that the tissue distribution and pharmacokinetics of the
parent drug could be altered, thereby improving the thera-
peutic index (ie, better separation between efficacy and
toxicity).**#’ Both pegylated and nonpegylated liposomal
doxorubicin formulations have been developed; they differ
in lipid composition, size, and loading method. Clinical trials
show that liposomal doxorubicin is as effective as conven-
tional doxorubicin but is associated with significantly less
cardiotoxicity in the first-line treatment of MBC.*#4° How-
ever, the pegylated liposomal doxorubicin formulation is
associated with higher incidences of hand-foot syndrome
and stomatitis or mucositis.™® In a phase 3 trial involving
patients with taxane-resistant tumors, pegylated liposomal
doxorubicin was shown to be as effective as a comparator
regimen (either vinorelbine or the combination of mitomycin
C plus vinblastine). In a subset of anthracycline-naive pa-
tients, liposomal doxorubicin achieved longer PES times
than the comparator (5.8 vs 2.1 months; P=.01).>' Liposomal
doxorubicin has not yet received FDA approval for MBC,
although several trials of this agent as single therapy or in
combination with other chemotherapy regimens are under
way (www clinicaltrials.gov).

Albumin-Bound Paclitaxel. Albumin-bound paclitaxel
is a solvent-free formulation of paclitaxel consisting of
albumin-based nanoparticles (mean size, 120-130 nm).
This drug eliminates the need for premedications and
lessens the risk of hypersensitivity. It was developed to
improve the solubility and pharmacokinetic profile of
paclitaxel, and it demonstrated increased tumor distribu-
tion in preclinical models.”* Albumin-bound paclitaxel is
approved for the treatment of breast cancer after failure
of anthracycline-based combination chemotherapy for
MBC or after relapse within 6 months of adjuvant chemo-
therapy > Its approval was based on the results of a phase 3
study (N=454) that compared albumin-bound paclitaxel
(260 mg/m? every 3 weeks) with a standard dose of castor
oil-based paclitaxel (175 mg/m? every 3 weeks).>* Albu-
min-bound paclitaxel achieved significantly higher re-
sponse rates than standard paclitaxel (33% vs 19%, respec-
tively; P=.001) and a significantly longer time to tumor
progression (23.0 vs 16.9 weeks; hazard ratio, 0.75;
P=.006). The use of albumin-bound paclitaxel was also
associated with a lower incidence of grade 4 neutropenia
(9% vs 22%; P<.001), even though the paclitaxel dose was
49% higher. Febrile neutropenia was uncommon (<2%),
and its incidence did not differ between the 2 study arms.
Grade 3 sensory neuropathy was more common in the
albumin-bound paclitaxel arm than in the standard
paclitaxel arm (10% vs 2%; P<.001) but was easily man-
aged and improved rapidly (median, 22 days). Weekly
schedules of albumin-bound paclitaxel given on days 1, 8,
and 15 of a 28-day cycle were tested in two phase 2 trials
including patients with taxane-refractory MBC. The results
showed an ORR of 14% at a dose of 100 mg/m? (clinical
benefit rate [ORR plus stable disease =16 weeks], 26%)
and an ORR of 16% at a dose of 125 mg/m? (clinical benefit
rate, 37%).>° The results of a subsequent randomized phase
2 study suggested that PFS times achieved with albumin-
bound paclitaxel at a dose of 150 mg/m? given weekly or
300 mg/m? given every 3 weeks were superior to those
achieved with docetaxel® as first-line therapy for MBC,
but these findings have not yet been published in a peer-
reviewed article.

Ixabepilone. Ixabepilone (BMS-247550), a semisyn-
thetic analog of epothilone B, is the first member of the
epothilone class to be approved for treating breast cancer.
Other epothilones are currently in clinical development,
including epothilone B (also known as patupilone or
EPO906) and the epothilone B derivative sagopilone (ZK-
EPO).%7 Chemical structures of epothilones are shown in
Figure 4.5

The epothilones are a new class of microtubule-stabiliz-
ing drugs that were initially identified as cytotoxic metabo-
lites produced by the myxobacterium Sorangium cellulo-
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Epothilone B

Ixabepilone

FIGURE 4. Chemical structures of ixabepilone and other epothilones in clinical develop-
ment. From the Oncologist,> with permission from the AlphaMed, Company, Inc.

sum 38 Epothilones bind to 3-tubulin to stabilize microtubule
polymers, thereby inducing cell-cycle arrest and triggering
tumor cell apoptosis.”’* However, the epothilones bind to
a different site on -tubulin than do the taxanes, and they
induce apoptosis by distinct epothilone-selective mecha-
nisms.®" These factors together may explain why these
agents remain effective against tumors refractory or resis-
tant to taxane.®*% Moreover, epothilones are generally
not influenced by resistance mechanisms that reduce the
activity of taxanes, anthracyclines, and other drugs, includ-
ing P-glycoprotein overexpression®® (Table).!81°
Ixabepilone demonstrated antitumor activity against
both paclitaxel-sensitive and paclitaxel-refractory xe-
nograft models.®*¢* Notably, ixabepilone can bind to a
wider variety of B-tubulin isoforms than can the taxanes;
therefore, ixabepilone retains activity in cells for which the
predominant PB-tubulin isotype is class III, such as the
paclitaxel-resistant cell line Pat-21 breast.®*%* Single-agent
ixabepilone has been evaluated in a series of phase 2 stud-
ies across the spectrum of advanced breast cancer, from first-
line treatment of taxane-naive patients to treatment of pa-
tients with tumors resistant to anthracycline and taxane.®%
Administering ixabepilone monotherapy (40 mg/m?) as a 3-
hour intravenous infusion every 3 weeks to 65 patients with
MBC previously treated with an adjuvant anthracycline only
achieved an ORR of 41.5%, a median duration of response
of 8.2 months, and a median survival of 22.0 months.% Phase
2 trials of ixabepilone (40-50 mg/m? given by infusion over
1-3 hours every 3 weeks) achieved ORRs of 57% in patients
with taxane-naive disease and 12% in patients with taxane-
refractory MBC.%% The largest phase 2 study of single-
agent ixabepilone involved 126 patients whose tumors

were resistant to an anthracycline, a taxane, and capeci-
tabine; 88% of the study cohort had previously received at
least 2 lines of chemotherapy for metastatic disease.’’
Single-agent ixabepilone achieved ORRs in 12% of pa-
tients and stable disease in an additional 50%; the median
duration of response was 5.7 months, and the median PFS
time was 3.1 months. Treatment was generally well tol-
erated; the most common grade 3 or 4 events were periph-
eral sensory neuropathy (14%), fatigue (13%), and myalgia
(8%).

The activity of single-agent ixabepilone, combined with
preclinical evidence showing synergy between ixabepilone
and capecitabine in tumor xenografts,” led to a study that
compared ixabepilone plus capecitabine!* with capeci-
tabine alone for patients with anthracycline- and taxane-
resistant MBC (defined as disease recurrence within 6
months after completion of adjuvant or neoadjuvant treat-
ment or tumor progression during treatment or within 3
months of the last dose). In this pivotal phase 3 trial, 742
patients previously treated with as many as 3 chemotherapy
regimens were randomly assigned to treatment with the
combination of ixabepilone plus capecitabine or with
capecitabine alone.! The combination achieved a signifi-
cantly higher PFS than capecitabine alone (independent
radiology review [IRR], 5.8 vs 4.2 months, P=.0003; inves-
tigator assessment, 5.3 vs 3.8 months, P=.0011). Combina-
tion therapy was also associated with a significantly higher
ORR (IRR, 35% vs 14%; P<.0001; investigator assess-
ment, 42% vs 23%). A subset analysis showed that combi-
nation therapy extended PFS for patients in all age groups
and regardless of estrogen receptor or HER2 status, perfor-
mance status, or number of disease sites (0-2 vs =3). The
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results of this phase 3 trial have been supported by a
confirmatory phase 3 study involving 1221 patients with
MBC (approximately 50% of whom had tumors resistant to
anthracyclines and taxanes).”

The pivotal phase 3 trial'* showed that the toxicity pro-
files of ixabepilone and capecitabine do not overlap; adding
ixabepilone to the regimen did not increase capecitabine-
related toxic effects, such as hand-foot syndrome. However,
treatment with ixabepilone combined with capecitabine was
associated with a 23% rate of grade 3 and 4 peripheral
neuropathy, whereas capecitabine alone was not associated
with this adverse effect. However, the duration of symp-
toms was short; the median time to resolution to grade 1 or
baseline peripheral neuropathy was 6 weeks. The incidence
of grade 3 or 4 neutropenia was significantly higher in the
combination arm (68%) than in the single-therapy arm
(11%; P =.0001). Although the incidence of febrile neutro-
penia was only slightly higher in the combination arm (4%
vs 1%; P=.001), the risk of toxicity and neutropenia-related
death was higher when the ixabepilone and capecitabine
combination was used to treat patients with hepatic dys-
function. Therefore, the combination of ixabepilone and
capecitabine must not be given to patients with aspartate
aminotransferase or alanine aminotransferase activity
higher than 2.5 times the upper limit of normal or a biliru-
bin concentration higher than 1 times the upper limit of
normal,” a caveat fairly similar to the guidelines associated
with the use of docetaxel.

On the basis of clinical data, the FDA approved
ixabepilone in combination with capecitabine for the treat-
ment of locally advanced breast cancer or MBC after fail-
ure of an anthracycline and a taxane or as single-agent
therapy after failure of an anthracycline, a taxane, and
capecitabine.” Ixabepilone is currently undergoing phase 2
evaluation in combination with a variety of agents, includ-
ing cetuximab, trastuzumab, carboplatin, bevacizumab, li-
posomal doxorubicin, and epirubicin.

TARGETED AGENTS

Bevacizumab. Bevacizumab, an antiangiogenic vascu-
lar endothelial growth factor inhibitor and recombinant
monoclonal antibody, is approved in combination with
paclitaxel as first-line therapy for HER2-negative MBC.”
This approval was based on results of the Intergroup E2100
clinical trial,”” which enrolled 772 patients with MBC, 269
(39.9%) of whom had previously received anthracycline
and 108 (16.0%) of whom had previously received taxanes
in the adjuvant setting. Patients were randomly assigned to
receive weekly paclitaxel (on days 1, 8, and 15) with or
without bevacizumab (on days 1 and 15 of a 28-day cycle)
as first-line therapy. This combination regimen achieved
significantly better results (median PFS, 11.8 months; haz-

ard ratio, 0.60; ORR, 36.9%) than paclitaxel alone (median
PFS, 5.9 months; ORR, 21.2%; P<.001). The OS rate was
similar in the 2 groups (combination regimen, 26.7 months;
paclitaxel alone, 25.2 months; hazard ratio, 0.88; P=.16).
The PFS was also better for the bevacizumab-containing
regimen than for the paclitaxel regimen for those patients
who had previously received anthracyclines (5.6 months vs
10.7 months) or taxanes (3.0 months vs 12.0 months).
Results fairly consistent with those of E2100 were found
by the European AVADO trial,”* although the absolute
improvements were much smaller that those achieved in
E2100. The AVADO trial was a randomized, double-blind,
placebo-controlled phase 3 study involving 705 patients
with newly diagnosed MBC. Patients were randomly as-
signed to receive docetaxel plus placebo or 1 of 2 doses of
bevacizumab (7.5 or 15 mg/kg) every 21 days; 54.3% of
patients had previously been treated in the adjuvant setting
with anthracycline, and 15.6%, with taxanes. Preliminary
results showed that the PFS for women taking either dose
of bevacizumab plus docetaxel was significantly higher
than that for women taking docetaxel alone (stratified haz-
ard ratio, 0.69, P=.0035 for the low dose; stratified hazard
ratio, 0.61, P=.0001 for the higher dose). The median PFS
was 8.0 months with docetaxel alone, 8.7 months with
docetaxel plus low-dose bevacizumab, and 8.8 months
with docetaxel plus higher dose bevacizumab. As in the
E2100 trial, the PFS was also higher (although modestly
so) for patients taking the bevacizumab-containing regi-
men than for those who had previously received chemo-
therapy (hazard ratio for docetaxel plus low-dose bevacizu-
mab, 0.67; hazard ratio for docetaxel plus higher-dose
bevacizumab, 0.65) and for those who were previously
treated with taxanes (hazard ratio 0.59 and 0.42, for low
dose and higher dose, respectively).

The improvement in PFS for patients treated with
bevacizumab and those treated with paclitaxel or docetaxel
alone in the E2100 study (5.9 months) and the AVADO
study (0.7 or 0.8 months) is intriguing, as is the fact that there
appears to be no statistically significant difference in PFS
between the group treated with a low dose of bevacizumab
and the group treated with a standard dose. A report of the
findings from other studies (such as the RIBBON-1 trial) in
the first-line setting is expected in June 2009. Results of
other first-line studies of bevacizumab combined with che-
motherapy are particularly interesting, including the 34%
ORR achieved by bevacizumab plus capecitabine in the
XCALIBr trial”® and the 53% ORR achieved by addition of
trastuzumab to docetaxel plus bevacizumab in the N0432
study.” The only randomized study of second-line thera-
pies reported to date showed no improvement in PFS when
bevacizumab was added to capecitabine.” The combina-
tion of bevacizumab plus chemotherapy (taxane, capecita-
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bine, vinorelbine, or gemcitabine) is currently being evalu-
ated as second-line therapy for MBC in the RIBBON-2
trial, and the results are expected sometime in 2009.

Trastuzumab and Lapatinib. Trastuzumab and lapati-
nib provide additional treatment options for advanced or
metastatic HER2-positive breast tumors, which affect an
estimated 20% to 25% of patients. These patients are a
clinically important subgroup because HER2-positive tu-
mors tend to exhibit a more aggressive disease course with
a poorer prognosis than HER2-negative tumors.”s%

Trastuzumab is a recombinant monoclonal antibody that
attaches to the extracellular domain of HER2 to block
HER2-mediated signaling.®' It has been approved as first-
line treatment in combination with paclitaxel for HER2-
positive MBC; approval was based on the results of a
phase 3 trial, in which the median TTP was 6.9 months
for patients receiving the combination therapy and 3.0
months for patients receiving paclitaxel alone (P<.001).%?
Trastuzumab is also indicated as a single agent for patients
who have received 1 or more chemotherapy regimens for
MBC.* This indication was based on the results of a
phase 2 open-label study involving 222 patients, most of
whom had previously experienced disease progression
while receiving therapy with anthracycline (97%) or
taxane therapy (67%).3* The median TTP was 3.1 months,
and the ORR was 15% (evaluated by an independent
committee).

Some evidence suggests that trastuzumab may retain its
activity across subsequent lines of therapy. Nonrandom-
ized retrospective studies demonstrated that treatment with
2 or more trastuzumab-based regimens was advantageous
for OS or TTP.*% Response to trastuzumab beyond pro-
gression was supported by an extension study that was part
of a phase 3 trial of therapy for MBC.®® Furthermore, a
prospective randomized study involving 112 patients with
MBC showed that trastuzumab plus capecitabine after ini-
tial progression during trastuzumab-based therapy
achieved better results (PFS, 8.5 months; OS, 20.3 months)
than with capecitabine alone (PFS, 5.6 months; OS, 19.9
months).** However, further controlled trials are needed to
confirm the efficacy of repeated trastuzumab treatment
after tumor relapse.

Lapatinib is a small-molecule inhibitor that binds intra-
cellularly to HER2 and the epidermal growth factor re-
ceptor (EGFR; HER1), thereby blocking phosphorylation,
activation, and downstream signaling.”® Lapatinib is ap-
proved in combination with capecitabine for MBC that
has progressed after previous treatment with a taxane,
an anthracycline, and trastuzumab, and it is considered
the preferred targeted therapy for HER2-positive pa-
tients whose disease progresses during treatment with
trastuzumab.

Approval of lapatinib was based on the results of a phase
3 trial that demonstrated that the median TTP is 23.9 weeks
with lapatinib and capecitabine and 18.3 weeks with
capecitabine alone (P<.001).”" Additionally, new findings
have shown that a benefit is achieved when lapatinib is
added to paclitaxel as first-line treatment of HER2-positive
MBC.?? Furthermore, for postmenopausal women with es-
trogen receptor—positive and HER2-positive MBC, the ad-
dition of lapatinib to the aromatase inhibitor letrozole in-
creased the PFS time from 3.0 months (letrozole alone) to
8.2 months (lapatinib plus letrozole; hazard ratio, 0.71;
95% CI, 0.53-0.96).%

Research studies are increasing our understanding of the
mechanisms underlying resistance to trastuzumab and of
the HER2 pathway and its interactions with other signal
transduction pathways®*“; however, a comprehensive dis-
cussion of trastuzumab-refractory HER2-positive MBC is
beyond the scope of this article. This increased understand-
ing of trastuzumab resistance has led to the development of
novel agents that hold promise for the treatment of patients
with HER2-positive MBC who have been treated with
trastuzumab and lapatinib.

Trastuzumab-DM1 is a novel antibody-drug conjugate
in which the trastuzumab antibody is covalently linked to
the microtubule inhibitor DM1 (derived of maytansine-1)
so that trastuzumab-associated anti-HER2 activity can be
coupled with targeted DM 1 internalization. A recent phase
1 dose-finding study involving patients with HER2-posi-
tive MBC found that trastuzumab-DM1 produced objective
tumor responses at doses less than or equal to the maximum
tolerated dose.”

Pertuzumab, like trastuzumab, is an anti-HER2 anti-
body; however, pertuzumab binds to a distinct epitope of
HER?2 and acts to block its interaction with other HER
family members. In a phase 2 study involving patients with
trastuzumab-resistant HER2-positive MBC, the combina-
tion of pertuzumab and trastuzumab produced a tangible
clinical benefit (complete or partial response or stable dis-
ease) for half of the patients (33/66) without significant
negative effects on cardiac function.”

Like lapatinib, neratinib is a dual HER2 and EGFR
inhibitor, but unlike lapatinib it binds irreversibly to these
receptors. Neratinib has proved effective for treating pa-
tients with HER2-positive MBC, particularly those who
have not previously undergone treatment with trastuzu-
mab.”® A phase 3 trial comparing neratinib with the
combination of lapatinib plus capecitabine for patients
with HER2-positive MBC began in November 2008
(NCTO00777101; www .clinicaltrials.gov). In addition,
Hsp90 inhibitors such as tanespimycin, mammalian target
of rapamycin inhibitors such as temsirolimus, insulin
growth factor receptor 1 inhibitors, and newer antiangio-
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genesis agents such as pazopanib, sorafenib, and sunitinib
are currently under investigation.”'®

TRIPLE-NEGATIVE MBC

Breast cancer that is estrogen receptor—negative, progester-
one receptor—negative, and HER2-negative (called triple-
negative [TN]) deserves particular attention because these
tumors are typically aggressive and are associated with a
poorer prognosis than other breast cancer tumors. The
overall survival rate of patients with early TN breast cancer
has been estimated at 67%, whereas that of patients with
other types of breast cancer is 75%; in addition, TN disease
is associated with a higher rate of visceral and soft-tissue
metastasis.'”"12 Therapies for patients with TN disease are
based on standard chemotherapy regimens because hor-
monal and HER2-targeted therapies are unsuitable; in the
recurrent or MBC setting, treatment choices may be fur-
ther constrained by the tumor’s resistance to anthra-
cyclines and taxanes. Improved treatment options are
therefore needed.

Neoadjuvant studies with regimens containing anthra-
cycline and taxanes have demonstrated that, although TN
tumors respond better to these agents than do lesions be-
longing to the so-called luminal subtype of breast cancer,
TN disease is associated with poorer disease-free survival
and OS.'9%1% Preclinical studies have found several mo-
lecular and pathologic features classically associated
with this phenotype that may be targetable. These features
include overexpression or activation (or both) of EGFR/
HERI, vascular endothelial growth factor (VEGF), p63
(p53-related transcription factor), caveolin-1, the Src ki-
nase pathway, the mitogen-activated protein kinase path-
way, the Akt pathway, the phosphoinositol-3-kinase path-
way, and the poly-ADP (adenosine diphosphate)-ribose
polymerase 1 (PARP-1) pathway.'%>-1%

Two phase 2 studies investigated the activity of cetuxi-
mab, a monoclonal anti-EGFR antibody, in patients with TN
disease. The first phase 2 study, which administered a com-
bination of cetuximab plus carboplatin to 102 patients with
previously treated TN MBC, achieved an ORR of 18% and
an overall clinical benefit rate of 27%. Unfortunately, TTP
was short (2 months), and OS was only 12 months.'” The
second study, a randomized phase 2 trial investigating the
combination of irinotecan and carboplatin with or without
cetuximab in 103 patients with MBC (72 of whom had previ-
ous treatment for TN MBC), demonstrated that the response
rate was higher for the patients with TN disease who received
the EGFR inhibitor (49% vs 30%). These findings suggest that
cetuximab may improve the antitumor activity of the chemo-
therapy, but this agent was also associated with a much
greater incidence of grade 3 and 4 toxic effects.'®

Several studies are currently investigating the role of
VEGEF inhibitors such as bevacizumab in the treatment of
TN breast cancer. A subset analysis of the pivotal E2100
clinical trial (paclitaxel with or without bevacizumab for
patients with MBC; >90% of patients had HER2-negative
disease) demonstrated that the benefit seen in the combina-
tion arm was maintained in patients with estrogen-receptor/
progesterone-receptor—negative disease (hazard ratio, 0.53;
95% CI, 0.40-0.70).*” Ongoing trials are addressing the role
of bevacizumab for TN breast cancer in the neoadjuvant and
adjuvant settings; these include the CALGB 40603 clinical
trial (NCT00861705) and the BEATRICE clinical trial
(NCT00528567; www clinicaltrials.org). A recent phase 2
trial of oral dasatinib (70 mg/d) administered to 43 evaluable
patients with advanced TN MBC (66% had been previously
treated in the metastatic setting) demonstrated that this
Src kinase inhibitor as a single agent exerts modest activ-
ity (clinical benefit, 9.3%).""! Another phase 2 trial is eval-
uating the efficacy of a dose of 100 mg/d in this setting
(NCTO00817531; www clinicaltrials.gov), and additional
trials of oral dasatinib in combination with chemotherapy are
being planned. Similar studies of the oral multi-kinase in-
hibitor sunitinib are currently ongoing. The results of phase 2
trials have indicated that gemcitabine combinations may be
effective for and well tolerated by patients with TN MBC,
including those previously treated with an anthracycline or a
taxane. In one study (N0234; N=20), combination therapy
with gemcitabine plus erlotinib was associated with an ORR
of 25%'2; in a second phase 2 trial, the combination of
gemcitabine plus carboplatin and BSI-201,a PARP-1 inhibi-
tor, was found to have no substantial safety concerns, and the
clinical benefit rate of this combination is being evaluated.''

The suggestion that TN tumors may be more sensitive
than other tumors to platinum agents provided the rationale
for multiple phase 2 studies in the metastatic setting, as
well as for neoadjuvant trials in early-stage breast cancer.
We expect that ongoing phase 3 trials specifically designed
to test therapies for TN disease will be able to determine the
true role of platinum compounds in relationship to that of
other chemotherapy agents in treating patients with TN
tumors. Data from phase 3 studies evaluating therapies for
TN MBC remain scarce, but a pooled analysis of data from
399 such patients from 2 phase 3 trials of ixabepilone plus
capecitabine (most of whom had previously been treated
with anthracyclines and taxanes) demonstrated that this
regimen achieved an ORR of 31% and a median PFS time
of 4.2 months, whereas capecitabine monotherapy
achieved an ORR of 15% and a median PFS time of 1.7
months."* These results are similar to those obtained from
the overall trial populations (non-TN MBC)."*"" Finally,
the acknowledgment that the biology of TN MBC differs
from that of HER-2 positive or luminal MBC and the
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understanding of the aberrant pathways of these tumors
should lead to the evaluation of newer drugs, including the
DNA-damaging chemotherapy brostallicin and novel tar-
geted agents such as PARP-1 inhibitors ABT-888 and
AZD2281, angiogenesis inhibitors such as VEGF-Trap
(AVEO0005), multi-kinase inhibitors such as sunitinib, mam-
malian target of rapamycin inhibitors such as RAD-001,
hypomethylating agents, and histone acetylating inhibitors
such as suberoylanilide hydroxamic acid (Vorinostat),
checkpoint kinase 1 inhibitors such as UCN-01, transform-
ing growth factor-beta inhibitors, androgen receptor blockers,
and tumor necrosis factor—related apoptosis-inducing li-
gand receptor agonists.

CONCLUSION

Because anthracycline and taxanes are now being used
more commonly in the adjuvant setting, the resistance of
breast cancer to these agents has become an increasingly
important issue. The optimal choice of therapy for resistant
breast cancer is inextricably influenced by each patient’s
clinical and treatment history, in both the adjuvant and the
metastatic settings.'" Prior experience complicates and re-
stricts the available management options. No single regi-
men has been found optimal for patients with resistant or
refractory HER2-negative breast cancer, and few biologi-
cal markers exist that can determine which patients will
benefit from particular treatments (no such markers exist
for chemotherapy). The management of resistant breast
cancer is complicated by the absence of clear evidence-
based guidelines for clinicians, because National Compre-
hensive Cancer Network recommendations are targeted
toward the broader population of patients with recurrent or
metastatic disease.

It remains fairly clear that some patients may be treated
with combination therapy and others with sequential
single-agent chemotherapy regimens; the choice of therapy
will be based on the patient’s condition, pace of tumor
growth, and extent of disease.”® Several chemotherapy
agents—capecitabine, gemcitabine, vinorelbine, liposomal
doxorubicin, albumin-bound paclitaxel, and ixabepilone —
offer a limited duration of therapeutic activity to patients
whose tumors have progressed to become resistant to
anthracyclines, taxanes, or both. On the basis of the find-
ings of the E2100 and AVADO trials, it is reasonable to
consider treating patients with newly diagnosed MBC with
aregimen consisting of a taxane plus bevacizumab, even if
they have already undergone adjuvant therapy with a regi-
men containing anthracycline, taxane, or both. Those find-
ings also indicate that continued research is important for
optimizing treatment options. Moreover, it seems that the
current standard of care for patients with MBC who require

second-line or third-line therapy is capecitabine alone or
perhaps preferably in combination with ixabepilone.
Ixabepilone is the only FDA-approved epothilone, and
single-agent ixabepilone therapy is appropriate for patients
considered eligible for first-line or second-line treatment
who have previously undergone therapy with anthra-
cyclines, taxanes, and capecitabine.

Targeted biologic agents are a welcome additional op-
tion for patients with resistant breast cancer. The manage-
ment of HER2-postive MBC is challenging because the
disease is associated with a particularly poor prognosis, but
trastuzumab and lapatinib have helped overcome the prob-
lem of chemotherapeutic resistance. A chemotherapy regi-
men containing trastuzumab is the preferred first-line
therapy for HER2-positive MBC, but promising results
have also been achieved with lapatinib in combination with
agents such as capecitabine, paclitaxel, or letrozole. How-
ever, further research is needed to determine ideal dosing
schedules, optimal duration of therapy, implications of
trastuzumab resistance, and effective treatment combina-
tions. Lapatinib, in combination with capecitabine, is cur-
rently the preferred second or third choice for treating
HER2-positive tumors that have progressed during treat-
ment with trastuzumab. Emerging findings suggest that
reasonable approaches (not yet approved by regulatory
agencies) for subsequent lines of therapy are trastuzumab
plus a chemotherapeutic agent or another biologic agent.
The approved option for these patients is a combination
of capecitabine and lapatinib. Numerous trials are under
way to evaluate newer biologic agents in combination
with chemotherapy, hormone treatment, trastuzumab, or
lapatinib for advanced or metastatic HER2-positive breast
cancer. Analysis of available tumor tissue is imperative for
further elucidating the mechanisms of tumor sensitivity
and resistance to treatment and for optimizing patient care.
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