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Abstract: Taxanes have remained a cornerstone of breast cancer treatment over the past three decades, improving the lives of patients
with both early- and late-stage disease. The purpose of this review is to summarize the current role of taxanes, including an albumin-
bound formulation that enhances delivery of paclitaxel to tumors, in the management of metastatic breast cancer (MBC). Since the
introduction of Cremophor EL-paclitaxel to the clinic in the mid-1990s, a substantial amount of investigation has gone into subjects
such as formulation, dose, schedule, and taxane resistance, allowing physicians greater flexibility in treating patients with MBC. This
review will also examine how the shrinking pool of taxane-naive patients, a result of the expansion of taxanes into the neoadjuvant
and adjuvant settings, will respond to taxane retreatment for metastatic disease. Taxane treatment seems likely to continue to play an
important role in the treatment of MBC.
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Introduction

Apart from cancers of the skin, breast cancer is
the most common cancer among women.' Since
1990, mortality rates for breast cancer have steadily
declined.! However, despite significant improvements
in survival, breast cancer remains second to lung
cancer as one of the leading causes of cancer-related
deaths among women in the United States.' It is
estimated that 226,870 women will be diagnosed
with invasive breast cancer in 2012 and that breast
cancer will claim the lives of almost 40,000 women
over the year.! Most new diagnoses of breast cancer
are made at an early stage of disease; however, of
those diagnosed with early breast cancer, an estimated
1 in 3 will eventually develop recurrent or metastatic
disease.” For these women, prognosis remains poor,
with median 5-year survival of <25%."* Moreover,
treatment-related toxicities in conjunction with
common complications associated with metastatic
disease, including bone fractures, liver failure,
pneumonia, and respiratory failure, negatively impact
the health and quality of life (QOL) of women with
metastatic breast cancer (MBC).

MBC remains an incurable disease for the
majority of patients. Only a select few with highly
chemosensitive tumors will achieve complete
response with combination chemotherapy regimens.
For the remaining patients, treatment for metastatic
disease is strictly palliative and is initiated with the
hope of delaying disease progression, alleviating dis-
ease symptoms, improving or maintaining QOL, and
potentially prolonging survival.? Thus, systemic che-
motherapies with minimal toxicity are preferred. No
single standard of care for MBC exists and treatment
plans are largely individualized according to patient-
(eg, age, patient preference, and QOL considerations)
and tumor-specific factors. Treatment selection for
MBC is highly influenced by hormone receptor (HR;
composed of estrogen receptor and progesterone
receptor) status and human epidermal growth fac-
tor receptor 2 (HER2) status of the tumor.* Current
guidelines recommend systemic chemotherapy
for women with HR-negative disease that is not
localized to bone or soft tissue and is associated with
symptomatic visceral disease or for women with HR-
positive disease that has demonstrated resistance to
endocrine therapy.* Single agents including taxanes,
anthracyclines, antimetabolites, and vinca alkaloids

or combinations of these agents have demonstrated
clinically meaningful benefit in such women with
HR-negative MBC. For women with HER2-positive
disease, trastuzumab in combination with a taxane,
vinorelbine, or capecitabine are the preferred treat-
ment regimens.*

Taxane-based regimens are among the most
effective and commonly used systemic therapies for
breast cancer, particularly in the adjuvant setting.
Accordingly, the role of taxanes in the metastatic
setting continues to evolve as clinicians seek new
strategies to optimize outcomes of their patients. This
review describes the evolution of taxane therapy for
MBC including the development of the novel delivery
platform of nanoparticle albumin-bound (nab-)
paclitaxel (Abraxane) and the challenges regarding
treatment selection in the metastatic setting.

Historical Overview of Taxanes

for the Treatment of Breast Cancer
The introduction of taxanes in the mid-1990s marked
a significant advance in the treatment of MBC. In
clinical trials, these potent antitumor agents provided
improved outcomes for patients with both early
and advanced disease.>® The antitumor activity of
paclitaxel, isolated from extracts from Pacific yew
trees (Taxus brevifolia), was initially described in
the 1960s and subsequently in animal models for
melanoma and breast, lung, and colon cancers.””
Docetaxel, a more potent semisynthetic derivative
of paclitaxel, derived from extracts from the
needles of the European yew tree (Zaxus baccata),
was subsequently discovered in the 1980s.1%12
The mechanism of action of both paclitaxel and
docetaxel is the inhibition of microtubule dynamics
that promote microtubule polymerization and inhibit
depolymerization, which results in cell cycle arrest in
G, and M phase, leading to cell death.”'*'>"
Cremophor EL (CrEL-) paclitaxel (Taxol), ini-
tially approved for the treatment of relapsed ovarian
cancer, received US Food and Drug Administration
(FDA) approval in 1994 for the treatment of patients
with MBC who did not respond to anthracycline-
based combination chemotherapy or with breast
cancer that recurred within 6 months of adjuvant
chemotherapy.”!*"!> Approval was based on a phase I1I
trial of 2 different doses (175 or 135 mg/m?) of CrEL-
paclitaxel given every 3 weeks (q3w) in patients
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with MBC who had failed to respond to previous
chemotherapy. The higher dose (175 mg/m?) vs.
the lower dose (135 mg/m?) of CrEL-paclitaxel was
associated with a longer median time to disease pro-
gression (4.2 vs. 3.0 months, respectively; P = 0.027)
and a longer median survival time (11.7 wvs.
10.5 months, respectively; P =0.321).' The approval
of CrEL-paclitaxel marked a significant milestone in
the management of MBC. In a retrospective analy-
sis of patients with MBC treated over a 20-year
period, the introduction of CrEL-paclitaxel in 1994
was associated with a significant improvement in
survival. From 1983 to 1994, median overall survival
(OS) ranged between 17.2 and 19.2 months. After
the introduction of CrEL-paclitaxel into first-line
treatment regimens for MBC, median OS increased,
ranging between 23.6 and 26.1 months."”

Docetaxel (Taxotere) received FDA approval in
1996 for locally advanced or metastatic breast cancer
after failure of prior chemotherapy, marking a second
important milestone in the treatment of MBC.'*!'® In a
phase II1 trial in patients with MBC whose disease had
progressed despite previous anthracycline-containing
therapy, single-agent docetaxel 100 mg/m? q3w was
superior to mitomycin 12 mg/m? dose every 6 weeks
plus vinblastine 6 mg/m?> 3w in terms of overall
response rate (ORR; 30.0% vs. 11.6%; P < 0.0001),
time to tumor progression (TTP; 19 vs. 11 weeks;
P=0.001), and OS (11.4 vs. 8.7 months; P =0.01)."
However, grade 3/4 neutropenia occurred in 93% of
patients receiving docetaxel.

Table 1. Efficacy in head-to-head trials of taxanes.

The promising activity of docetaxel as a single-
agent therapy spurred direct comparison of docetaxel
and CrEL-paclitaxel in the treatment of MBC. In a
phase III randomized trial comparing CrEL-paclitaxel
175 mg/m?> given by 3-hour infusion q3w and
docetaxel 100 mg/m? given by 1-hour infusion q3w
in patients with MBC whose disease had progressed
during or within 12 months of receiving anthracycline-
containing chemotherapy, docetaxel was superior to
CrEL-paclitaxel in terms of OS (15.4 vs. 12.7 months,
respectively; P = 0.03) and median TTP (5.7 vs.
3.6 months; P < 0.0001)."" ORR was also higher for
docetaxel (32% vs. 25%), but the difference was not
statistically significant (P =0.10). Although docetaxel
proved to be superior to CrEL-paclitaxel in terms
of efficacy, it was associated with more treatment-
related toxicities (Tables 1 and 2), including higher
rates of grade 3/4 neutropenia (93% vs. 55%), febrile
neutropenia (15% vs. 2%), and grade 3/4 peripheral
edema (7% vs. 0.5%).

Role of nab-Paclitaxel

in the Management of MBC

Both CrEL-paclitaxel and docetaxel have demonstrated
significant clinical efficacy in MBC; however, both
agents are associated with characteristic toxicities,
mainly hypersensitivity reactions and peripheral
neuropathy at least partially due to their respective
solvents—CrEL and polysorbate 80.!%!320 Efforts
to improve on the tolerability of the solvent-based
taxanes using a novel method for drug delivery

Trial CrEL-Paclitaxel Docetaxel nab-Paclitaxel
175 mg/m? 100 mg/m? 260-300 mg/m? 100 mg/m? 150 mg/m?
q3w q3w q3w qw 3/4 qw 3/4
n % n % n % n % n %
ORR
Jones et al" 224 25 225 32 - - - - - -
Gradishar et al?? 225 19 - - 229 33 - - - -
Gradishar et al*’ - - 74 39 76 46 76 63 74 74
n os n os n os n oS n 0s
Median OS, months
Jones et al"! 224 15.4 225 12.7 - - - - - -
Gradishar et al*? 225 13.9 - - 229 16.3 - - - -
Gradishar et al*® - - 74 26.6 76 27.7 76 22.2 74 33.8

Abbreviations: CrEL, Cremophor EL; ORR, overall response rate; OS, overall survival.
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Table 2. Safety in head-to-head trials of taxanes (grade 3/4 adverse events).

Trial CrEL-Paclitaxel Docetaxel nab-Paclitaxel
175 mg/m? 100 mg/m? 260-300 mg/m? 100 mg/m? 150 mg/m?
q3w q3w q3w qw 3/4 %
n % n % n % n % n %
Sensory neuropathy
Jones et al" 222 41 222 7.2 - - — - — —
Gradishar et al? 222 2 - - 226 10 - - - -
Gradishar et al*® - - 74 12 76 21 76 9 74 22
Neutropenia
Jones et al" 222 545 222 93.3 - - - - - -
Gradishar et al? 222 46 - - 226 31 - - - -
Gradishar et al*’ - - 74 92 76 43 76 25 74 45

led to the development of nab-paclitaxel (Abraxane),
a combination of albumin and paclitaxel that forms
particles of a mean 130 nm in diameter.?! Unlike
previous taxanes, the nab-paclitaxel formulation is
solvent free and employs a novel delivery mechanism
for paclitaxel to tumors.?! nab-paclitaxel, the only
solvent-free taxane indicated for the treatment of MBC,
does not require premedication to prevent solvent-
related hypersensitivity reactions.?! Although nab-
paclitaxel was initially designed to minimize the toxic
effects of taxane treatment and improve tolerability, it
became evident that this formulation of paclitaxel was
also more effective compared with standard CrEL-
paclitaxel for the treatment of MBC.*

nab-paclitaxel received FDA approval in 2005
for the treatment of breast cancer after failure of
combination chemotherapy for metastatic disease or
relapse within 6 months of adjuvant chemotherapy
(prior therapy should have included an anthracycline
unless clinically contraindicated).”’ This approval
was based on the findings of a randomized phase III
pivotal trial involving women with MBC randomly
assigned to receive nab-paclitaxel 260 mg/m? over a
30-minute infusion q3w (n = 229) or CrEL-paclitaxel
175 mg/m? over a 3-hour infusion q3w (n = 225)
with corticosteroid or antihistamine premedication.?
Treatment with nab-paclitaxel led to a significantly
higher ORR compared with CrEL-paclitaxel based
on the intent-to-treat (ITT) population (33% vs. 19%,
respectively; P =10.001).

The ORR was also significantly higher in patients
who received nab-paclitaxel as first-line therapy
(42% vs. 27%; P = 0.029) or second-line or greater

therapy (27% vs. 13%; P=0.006). Patients who received
nab-paclitaxel had a 25% lower risk of progression
compared with those receiving CrEL-paclitaxel (hazard
ratio, 0.75; P = 0.006). The incidence of grade 4
neutropenia was significantly lower with nab-paclitaxel
treatment: 9% vs. 22% with CrEL (P < 0.001). A higher
incidence of grade 3 sensory neuropathy was associated
with nab-paclitaxel treatment (10% vs. 2% with
CrEL-paclitaxel; P < 0.001); however, it improved to
grade = 2 in a median of 22 days. Although treatment
with nab-paclitaxel only demonstrated a modest,
nonsignificant trend toward improved OS in the ITT
population (65 vs. 56 weeks with CrEL-paclitaxel;
P = 0.374), the difference in OS was statistically
significant in patients who received nab-paclitaxel as
second-line or greater therapy (56.4 vs. 46.7 weeks
with CrEL-paclitaxel; P = 0.024). This was the first
trial to demonstrate improved efficacy and a promising
safety profile with a paclitaxel formulation that uses the
inherent properties of albumin to deliver a drug to tumors
and that overcomes the limitations of CrEL-paclitaxel,
which requires premedication, longer infusion, and
dose modifications.

The proposed mechanism of drug delivery of nab-
paclitaxel to tumors involves the binding of albumin
to receptors on endothelial cells and active transcy-
tosis of the albumin-bound drug through endothe-
lial cells and into the subendothelial space.”** Desai
et al** showed that the nab-paclitaxel formulation
allows for higher transport across endothelial cells
compared with CrEL-paclitaxel. Another proposed
mechanism of drug delivery of nab-paclitaxel to
tumors centers on around increased vascularization
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and tumor-specific leakiness of blood vessels.”> 2 It
is believed that once localized in the tumor microen-
vironment, extracellular matrix albumin-binding
proteins, such as secreted protein acidic and rich in
cysteine (SPARC), draw albumin-bound paclitaxel to
tumor cells, thus enriching tumor uptake of the drug.?
Indeed, tumors are known to take up large quantities
of albumin for energy.?®** In fact, when paclitaxel
was administered as nab-paclitaxel to mice bearing
human breast tumor xenografts, paclitaxel accumu-
lated 33% more efficiently than paclitaxel given as
CrEL-paclitaxel at equal doses (20 mg/kg).*

SPARC is overexpressed in many tumors,
especially in cells associated with the tumor stroma
and vasculature, and may play a role in cancer
progression and metastasis.”® SPARC appears to
be more highly expressed in breast tumors relative
to normal tissue,’’ and Jones et al** found that high
levels of SPARC transcription in tumor samples
were significantly associated with a shorter OS of
patients with breast cancer. More recently, it has been
shown that SPARC expression positively correlates
with treatment response to nab-paclitaxel in some
tumor types, including breast, head and neck, and
pancreas.”** 3 Future studies are looking to further
investigate and validate SPARC as a biomarker for
response to nab-paclitaxel. In addition, a number of
molecular signaling pathways will also be explored
for their potential contribution to the activity of nab-
paclitaxel.

Optimizing Taxane Therapy

Combination therapies with taxanes

A number of combination therapies have been
studied for the treatment of MBC, and several
taxane combinations are highlighted by the National
Comprehensive Cancer Network (NCCN) as preferred
regimens, including doxorubicin with docetaxel or
CrEL-paclitaxel, capecitabine with docetaxel, and
gemcitabine with CrEL-paclitaxel.* The NCCN
guidelines go on to state that although combination
chemotherapy often produces higher response rates
and longer disease-free intervals in comparison with
single agents, these regimens are associated with
increased toxicity and do not lead to significant
improvements in OS. Administering single agents
sequentially reduces the likelihood for dose reductions.

Thus, the NCCN panel states that there is “little
compelling evidence that combination chemotherapy
is superior to sequential single agents.”

Schedule: CrEL-paclitaxel and docetaxel
Single-agent CrEL-paclitaxel administered q3w***’ or
weekly?® is active as initial or subsequent therapy for
MBC. Similarly, docetaxel is active in anthracycline-
resistant and/or pretreated patients with MBC when
administered q3w or weekly.**" A phase III study
showed efficacy benefits of a weekly (n = 346) vs.
q3w (n = 383) schedule of CrEL-paclitaxel in terms
of ORR (42% vs. 29%, respectively; P=0.0004), TTP
(9 vs. 5months; P <.0001),and OS (24 vs. 12 months;
P = 0.009) (Table 1).** However, grade 3 sensory
neuropathy was more common with the weekly
schedule (24% vs. 12%; P = 0.0003).

Docetaxel, on the other hand, may exhibit greater
clinical efficacy on a q3w schedule for patients with
MBC (Table 3). A phase III study comparing a q3w
schedule vs. a first-3-of-4-weeks (qw 3/4) schedule
(n =59 for each) for docetaxel demonstrated a higher
ORR (35.6% vs. 20.3%, respectively) and similar
progression-free survival (PFS; 5.7 vs. 5.5 months;
P =0.46) and OS (18.3 vs. 18.6 months; P =0.34) but
higher rates of grade 3/4 toxicities (88.1% vs. 55.9%;
P =0.0001) for the q3w schedule.* A recent meta-
analysis of 11 randomized controlled trials compar-
ing q3w vs. weekly taxane regimens in advanced
breast cancer found that ORR was better on a q3w
schedule for CrEL-paclitaxel, whereas OS was longer
in patients on weekly schedules.* No difference was
found for PFS. For docetaxel, no differences were
found between schedules in terms of ORR, PFS, and
OS. Weekly taxane schedules were associated with
a lower incidence of serious adverse events, neutro-
penia, febrile neutropenia, and peripheral neuropathy.
Based on this meta-analysis, the authors recom-
mended a weekly schedule for taxane treatment of
advanced breast cancer.

Schedule: nab-paclitaxel

Early dosing regimens of nab-paclitaxel for MBC
began at 260 mg/m? q3w based on positive findings
from a phase I study, pharmacokinetic study, and the
registration phase III trial vs. CrEL-paclitaxel.?*%
However, other investigations provided the rationale
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- . < ® o to test dosing on a weekly schedule. Nyman et al*
E |= I 1~0 1o reported promising results from a phase I and phar-
E’g macokinetic study on a qw 3/4 schedule. Indeed,
33 < < that trial demonstrated a linear increase in maxi-
-~ T| I I~ < I 1~ . . .
mal systemic drug concentration and systemic drug
exposure (area under the curve) over a dosing range
N » N of 80 to 200 mg/m? of nab-paclitaxel in patients with
E | | 180 R solid tumors. Furthermore, 5 patients in that study
E’g who previously had been treated with CrEL-paclitaxel
Sz © © achieved clinical responses.
T ole i~ e b The influence of schedule on clinical outcomes in
- patients receiving taxanes and the feasibility of dos-
% o N~ ing nab-paclitaxel on both q3w and qw 3/4 sched-
o © ~ : .
% E | I 150 I 1o ules suggested a need to examine prospectively
s e the effect of different dosing schedules of nab-
21g 3 © © paclitaxel in patients with MBC. Therefore, a ran-
sloolhe b~ e b domized phase II trial was designed to test clinical
outcomes in patients receiving nab-paclitaxel at 2
S © different qw 3/4 schedules (100 and 150 mg/m?)
t R 1 &1 O = against a 3w schedule (at 300 mg/m?). A fourth arm
o consisting of docetaxel 100 mg/m? q3w allowed for
E; o o direct comparisons of the different nab-paclitaxel
™ oTle o 1 e bl regimens against each other and against docetaxel
(Tables 1-3).%" In this trial of first-line treatment for
o ™ patients, the nab-paclitaxel 150 mg/m? arm dem-
Tr |® e P2 onstrated the highest investigator-assessed ORR
% ) (74% vs. 46% in the nab-paclitaxel 300 mg/m?
e E 2 o o q3w arm, 63% in the nab-paclitaxel 100 mg/m? qw
Qi~volc o | < o | 3/4, and 39% in the docetaxel 100 mg/m? q3w arm;

overall P for all 4 arms < 0.001) and the longest
median PFS (14.6 vs. 10.9, 7.5, and 7.8 months;

. SR 8 N =

= o overall P = 0.008) and OS (33.8 vs. 27.7, 22.2,
S ?E,,z and 26.6 months; overall P = 0.047).4*® Patients
£ EE © © receiving nab-paclitaxel 150 mg/m? qw 3/4 also
@ ©3lel ®I s &I experienced the highest rate of sensory neuropathy
§ |5 (22% vs. 21% in the nab-paclitaxel 300 mg/m?
g s - w 8 N q3w arm, 9% in the nab-paclitaxel 100 mg/m?>
2 3 E X X110 Z 1 qw 3/4, and 12% in the docetaxel 100 mg/m? q3w
S a g‘ 5_ arm) and of dose reductions due to adverse events
S ‘Tld o 3 - < . (47% vs. 20%, 18%, and 30%, respectively; overall
5 |O STl 8112 681 P < 0.001); however, dose reductions effectively
|5 E managed toxicities as evidenced by the patients in
g . = o this arm receiving the longest median duration of
o T E % T E treatment (38 vs. 22, 30, and 21 weeks, respectively;
~ TS ; S8 ; overall P for all 4 arms < 0.001).*® Taken together,
o §°¢ | =82% the results of this trial suggested that qw 3/4 dosing
25 550 EE639 of nab-paclitaxel may be superior to q3w dosing in
2 & x5=>9 | £$32€8 pacht Y P q g
E | E oOnxro oOnxo terms of clinical efficacy.
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Breast Cancer Subtypes
Histologic subtypes

In the era of personalized medicine, it is prudent
to consider how taxanes are used to treat different
subtypes of breast cancer. Histological subtypes of
breast cancer are defined by tumor expression of
estrogen receptor (ER), progesterone receptor (PR),
and HER2.* Physicians now have the ability to tailor
treatment based on the expression of these molecules.
Guidelines defined by the NCCN recommend that
patients with ER/PR+ metastatic disease receive first-
line endocrine therapy.* On the other hand, patients
whose tumors are negative for hormone receptor
expression should consider chemotherapy. Among the
options for ER/PR— disease are single-agent therapy
or combination therapy. CrEL-paclitaxel, docetaxel,
and nab-paclitaxel are all among the preferred single-
agent regimens for MBC. For patients with ER/
PR—, HER2+ disease, the guidelines recommend
a trastuzumab-containing regimen. As for taxanes,
current guidelines suggest trastuzumab plus docetaxel
or trastuzumab plus CrEL-paclitaxel with or without
carboplatin as combination regimens for ER/PR—,
HER2+ disease. Preliminary investigation into the
combination of nab-paclitaxel plus trastuzumab for
HER2+ disease in the first-line setting has revealed
promising activity, with an ORR of 52% in 21 patients
in a phase II trial.*

BRCA1 and BRCA2

The breast cancer genes 1 and 2 (BRCAI1 and
BRCAZ2) are known to play important roles in DNA
repair,”*! and mutation of these genes is known to
associate with breast cancer.”? The utility of taxane
treatment for patients with mutations in BRCA1 and
BRCAZ2 vs. patients with “sporadic” breast cancer has
been examined in the metastatic setting.*® In this trial,
the majority of patients received docetaxel (83%), and
the most treatment took place in either the second-
or third-line setting (84%). Interestingly, it appeared
that patients with BRCA1 mutations demonstrated
lower response rates (23% vs. 38%, P < 0.001)
and a shorter median PFS (2.2 vs. 4.9 months,
P = 0.004) vs. patients without BRCA1 mutations.
However, patients with BRCA 1 mutations and HER2+
disease (n = 11) had similar ORR (36% and 38%,
respectively, P = 0.83) and median PFS (5.7 months
for both, P =0.26) vs. patients with sporadic HER2+

disease. Unfortunately, the study only included
13 patients with BRCA2 mutation, making such
comparisons somewhat less robust. However, among
BRCA?2 mutation carriers, 10 of 13 demonstrated an
objective response (ORR = 84%), suggesting that the
decrement in sensitivity of BRCA1 mutation carriers
to taxane therapy may not apply to BRCA2 mutation
carriers. In vitro experiments suggest that BRCA 1 may
actually be required for sensitivity to CrEL-paclitaxel,
supporting the idea that patients with defective
BRCA1l may suffer limited benefit from CrEL-
paclitaxel therapy.**>

Genetic Markers for Taxane Treatment
Genetic markers that predict response, resistance, or
toxicity are a promising avenue by which to identify
patients most appropriate for treatment with taxanes.
Several studies have focused on identifying mecha-
nisms that underlie resistance to taxane treatment.
Mutations in or differential expression of B-tubulin
and the multidrug resistance 1 (MDR1) gene have been
identified as molecular events that may correlate with
response to taxanes.>*>® Because taxanes act through
their interactions with microtubules,'®"® changes in
tubulin subunits or microtubule-binding proteins may
influence taxane activity. Overexpression of MDRI,
a membrane-bound drug efflux pump, may lower the
intracellular concentration of anticancer drugs, such
as the taxanes.’®* In addition to markers of response,
a number of genetic markers have been identified as
predictors of sensory neuropathy in response to tax-
ane treatment, including alterations of MDRI and
single nucleotide polymorphisms in the genes RWD
domain containing 3 (RWDD3) and tectorin alpha
(TECTA).%*" As more markers of response and tox-
icity become available, oncologists will have greater
ability to personalize care for MBC.

CrEL-Paclitaxel and Docetaxel

in Early Breast Cancer

The management of breast cancer continues to
evolve with the introduction of new, more effective
agents and the expanding role of taxanes in early
breast cancer treatment.® In 1999, CrEL-paclitaxel
administered sequentially with standard doxorubicin-
containing combination therapy was approved as
adjuvant treatment for patients with node-positive
breast cancer.'*'* Subsequently in 2004, a similar
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indication was added for docetaxel in the adjuvant
setting with an approval in combination with
doxorubicin and cyclophosphamide for patients
with node-positive resectable breast cancer.'®'®
A Cochrane meta-analysis reported a positive benefit
in a combined analysis of both taxanes in the adjuvant
treatment of breast cancer in terms of OS (hazard
ratio, 0.81; 95% CI, 0.75-0.88; P < 0.00001) and
disease-free survival (hazard ratio, 0.81; 95% CI,
0.77-0.86; P < 0.00001).%> More recently, the Early
Breast Cancer Trials’ Collaborative Group reported
similar findings in a large meta-analysis. Analysis
of data from 44,000 women treated in 33 trials of
taxanes given either in combination or sequentially
with anthracycline-based regimens vs. anthracycline-
based regimens alone revealed a significant reduction
in breast cancer mortality with adjuvant taxane- or
anthracycline-based regimens (mortality rate ratio,
0.87; P < 0.00001).%

One of the first trials to demonstrate the benefit
of a taxane in the neoadjuvant setting was a trial of
162 women with locally advanced breast cancer who
were treated with doxorubicin/cyclophosphamide
plus vincristine and prednisolone as induction
chemotherapy.* Patients who responded to induction
therapy were then randomized to continue the induc-
tion chemotherapy regimen or switch to docetaxel.
Responding patients who switched to docetaxel
achieved a significantly higher pathologic complete
response compared with those who did not (34% vs.
16%; P = 0.04). Furthermore, 55% of nonresponders
to induction therapy who were sequentially adminis-
tered docetaxel went on to achieve a clinical response
(partial or complete).** Clearly, taxanes have made
a significant impact on the treatment of early breast
cancer and are now among the preferred agents in
adjuvant and neoadjuvant treatment regimens.*

Impact of Early Taxane Use

on Decision Making by Physicians

for Treating MBC

Treatments for taxane- or anthracycline-
treated MBC

Resistance to chemotherapy accounts for >90% of
treatment failures in patients with metastatic can-
cer.%% As aresult, treatment options have become lim-
ited for these patients with MBC and prior exposure

to chemotherapy. Until recently, capecitabine was the
only approved agent for the treatment of patients with
anthracycline- ortaxane-resistant MBC.¢7-** Numerous
trials have shown response rates of 15% to 40% in
patients receiving capecitabine after exhibiting resis-
tance to anthracycline- or taxane-based therapy. In
these trials, the median TTPs were 3 to 6 months.®"?
Recently, two additional agents were approved by the
FDA for the treatment of anthracycline- or taxane-
resistant MBC: ixabepilone with or without capecit-
abine and eribulin mesylate.®®7*7* Other drugs used
in this setting include nab-paclitaxel, vinorelbine,
gemcitabine, pemetrexed, carboplatin, cisplatin,
pegylated liposomal doxorubicin, etoposide, and
irinotecan.®®

Retreatment with taxanes
More patients with breast cancer are receiving
anthracycline- or taxane-containing regimens in
the adjuvant setting, which has resulted in a higher
number of patients with resistant or refractory disease
in the metastatic setting.* % Several studies have
looked at retreatment with a taxane for metastatic
disease after failure of prior taxane therapy. In two
small retrospective studies, patients had received
CrEL-patients had received prior CrEL-paclitaxel or
docetaxel, respectively.”>’® In both studies, partial cross-
resistance between CrEL-paclitaxel and docetaxel was
observed. Retreatment of 24 patients with docetaxel
75 mg/m?*q3w after failure of CrEL-paclitaxel treatment
led to an ORR of 25%.7 A similar ORR of 32% was
observed in 44 patients retreated with CrEL-paclitaxel
80 mg/m* weekly after prior exposure to docetaxel
(42 patients had also received prior anthracycline
therapy).”® Response lasted a median of 6 months, and
median TTP was 5 months. Among the 14 responders
to taxane retreatment with CrEL-paclitaxel, half had
documented primary resistance to docetaxel therapy,
which was defined as disease progression during
docetaxel treatment or within 12 months of completing
docetaxel treatment. In this trial, the most common
grade 3/4 adverse events were neutropenia (27%),
leukopenia (25%), and sensory neuropathy (14%).
Prospective studies of taxane retreatment doc-
umented similar findings. In a phase II trial of
CrEL-paclitaxel 80 mg/m? given weekly to previously
treated patients with MBC (n=212), 25% (54 patients)
had received prior taxane therapy (38 CrEL-pacli-
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taxel, 15 docetaxel, and 1 patient had received both).*
Prior taxane therapy was primarily given in the meta-
static setting (49 patients), whereas 5 patients had
received adjuvant CrEL-paclitaxel. The median dura-
tion from prior taxane therapy to retreatment with
CrEL-paclitaxel was 83 days, and 28 patients had pre-
viously been exposed to a taxane within 3 months of
retreatment. Among the 45 evaluable patients who had
received prior taxane therapy, 7 patients (15.6%) had a
response to CrEL-paclitaxel retreatment. In a separate
phase II trial, retreatment of CrEL-paclitaxel-resistant
patients with MBC (n = 44 evaluable patients) with
docetaxel 100 mg/m? q3w led to an ORR of 18.1%
(1 complete and 7 partial).”” Duration of response
lasted 29 weeks, and median TTP was 10 weeks. An
interesting finding from this study was that it appeared
that the length of CrEL-paclitaxel infusion correlated
with the response to retreatment with docetaxel. None
of the 12 patients who received CrEL-paclitaxel over
a 24-hour infusion responded to retreatment with doc-
etaxel, whereas 25% of the 32 patients receiving short
infusions of CrEL-paclitaxel (1- or 3-hour infusion)
achieved an objective response. The most common
severe adverse events were febrile neutropenia (24%),
asthenia (22%), and infection (13%). Grade 3 sensory
neuropathy occurred in 7% of patients. Taken together,
the results from these trials demonstrate that 20% to
30% of patients who failed a prior taxane-containing
regimen may still be able to achieve a response with
taxane retreatment.

Many of the studies described above defined
patients with prior exposure to a taxane in the meta-
static setting and not exclusively the neoadjuvant
or adjuvant setting. A recent study out of Germany
called the Taxane Re-Challenge Cohort Study retro-
spectively identified 381 patients with recurrent dis-
ease who were treated in the neoadjuvant or adjuvant
setting with a taxane-based regimen.”® Data were
collected on their subsequent treatment. A total of
106 patients (27.8%) were retreated with a taxane-
containing regimen as first-line or later-line therapy
for recurrent disease. A response rate of 48.6% was
observed for 74 patients who received first-line tax-
ane-based therapy for recurrent disease; 27% had
complete response. The ORR for later-line therapy
was 28.2%. Response to taxane retreatment was
dependent on the disease-free interval. If patients had
disease recurrence within 1 year, response rates were

34.8%; 1 to 2 years, 42.9%; and >2 years, 63.3%
(P=0.04).

Physicians must base the decision to treat patients
with taxane-refractory disease by rechallenge
with a taxane vs. a switch to a different agent on a
number of factors. If taxane rechallenge is desirable,
the oncologist must consider the dosing schedule
of previous taxane regimens. Another important
consideration is the length of time that has passed from
the completion of previous taxane therapy (adjuvant
or metastatic). Patients with disease recurrence several
years after taxane therapy can receive taxane therapy
again. For treatment very soon after the failure of
a taxane, a different regimen, such as single-agent
capecitabine, eribulin mesylate, or ixabepilone, may
be considered.*®® Additionally, the combination of
ixabepilone plus capecitabine demonstrated a longer
PFS vs. capecitabine alone in women with MBC
that had progressed during anthracycline and taxane
treatment (5.8 vs. 4.2 months; hazard ratio = 0.75;
P < 0.001).” Drug rechallenge with a taxane is also
limited by the possibility of cumulative toxicities
or exacerbation of chronic toxicities including
neuropathy (common to CrEL-paclitaxel), edema
(common to docetaxel), and neutropenia (common to
both taxanes).!®!32° Patients with known sensitivities
to these conditions in response to taxane treatment
should consider other agents with non-overlapping
toxicity profiles. Sensory neuropathy is of particular
concern because some cases are irreversible.*

nab-Paclitaxel for taxane-exposed

patients

Taxane formulation may also play a key role in
determining whether previously taxane-exposed patients
will respond to taxane rechallenge. Specifically,
there is evidence that patients who have previously
received solvent-based taxanes may benefit from
treatment with nab-paclitaxel. As discussed earlier,
a phase I trial of qw 3/4 nab-paclitaxel over a range
of doses in such patients revealed antitumor activity
in the form of clinical responses in 5 of 12 patients
who previously had received CrEL-paclitaxel.*
Blum et al®! reported findings of a phase II trial in
which nab-paclitaxel was administered qw 3/4 at 100
or 125 mg/m? to patients (N = 181) with MBC that
had progressed during taxane therapy or had relapsed
within 12 months of adjuvant taxane therapy. Most
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of the patients had been treated with a taxane in
the metastatic setting (88%—-89%), and the median
number of previous chemotherapy regimens for
metastatic disease among these patients was out of
instances <10. Clinical responses were observed in
14% and 16% of the patients in the 100 and 125 mg/
m? arms, respectively. Median OS values were 9.2
and 9.1 months in these heavily pretreated patients.
Grade 4 adverse events were rare in this trial, and the
most common grade 3 adverse events observed were
leukopenia, neutropenia, and sensory neuropathy.
The results of this study suggested that nab-paclitaxel
may provide a clinical benefit in patients with MBC
who are refractory to treatment with other taxanes.

The response rates in taxane-exposed patients in
the Blum et al study described above agree with those
of a study presented at the annual meeting of the
American Society of Clinical Oncology in 2011 on the
repeat use of taxanes for MBC.* That study reported
a response rate of 14.7% in patients (n = 34) receiving
nab-paclitaxel after having received a different taxane
for the treatment of metastatic disease. Additionally,
responses were observed in 2 of 6 patients (33%) who
were rechallenged with nab-paclitaxel after having
received it earlier for MBC. By contrast, among the
14 patients rechallenged with docetaxel, no patients
achieved a clinical response. Although it must be
noted that the number of patients analyzed in this
study was small, these data are consistent with the
idea that nab-paclitaxel is a reasonable option for
patients with MBC whose disease has progressed
during treatment with taxanes.

Although the studies above describe clinical
outcomes in patients who had received taxanes as a
previous course of therapy for MBC, it is also important
to establish the role of nab-paclitaxel among patients
whose metastatic disease had progressed during
treatment with other chemotherapeutic regimens. The
registration phase III trial upon which approval of
nab-paclitaxel was based included patients who had
received previous chemotherapy in the metastatic
setting (n = 132 of 229 [58%] for nab-paclitaxel and
n = 136 of 225 [60%] for CrEL-paclitaxel).”> Among
these patients, ORR (27% vs. 13%; P = 0.006), TTP
(20.9 vs. 16.1 weeks; P = 0.02), and OS (56.4 vs.
46.7 weeks; P = 0.024) all favored nab-paclitaxel
over CrEL-paclitaxel. More specifically, 50% and
58% of patients had received anthracycline-based

chemotherapy for metastatic disease in the nab-
paclitaxel and CrEL-paclitaxel arms, respectively.
ORRs in this patient population (27% for nab-
paclitaxel vs. 14% for CrEL-paclitaxel; P = 0.01)
were similar to those of the more general population
described above. These results demonstrated
greater clinical activity for nab-paclitaxel vs. CrEL-
paclitaxel among patients who had previously
received chemotherapy, particularly anthracycline-
based regimens, for the treatment of MBC.

Conclusions

As discussed throughout this review, the taxanes remain
a key component of MBC treatment. Data presented
here demonstrate the gains in efficacy that have been
seen with the evolution of taxane treatment from the
development of CrEL-paclitaxel beginning in the 1960s
through the ongoing investigation of nab-paclitaxel,
which has demonstrated median OS values as high as
33.8 months in a phase II trial.*® Although optimization
of the schedule and formulation of taxanes have led
to such promising OS values in the first-line setting,
therapy for MBC must also evolve to account for the
growing number of patients who have been exposed to
taxanes in earlier lines of therapy. Indeed, taxanes are
among the agents recommended for both the adjuvant
and neoadjuvant treatment of early-stage breast
cancer.*'* nab-Paclitaxel is also being investigated
in various regimens in these settings.®** Therefore,
an understanding of how past exposure to taxanes
influences the decision to rechallenge with a taxane or
switch to a different agent are of growing importance.

Resistance to taxane treatment has spurred investi-
gation of numerous combination therapies. Although
many taxane-containing combination therapies are
recognized as possessing benefits in terms of response
rates and PFS, NCCN guidelines point to the lack of
OS benefit and increased toxicities that combina-
tion therapies have demonstrated as disadvantages to
combination therapy. However, sequential systemic
therapies do not appear to suffer from these same
drawbacks.

The development of nab-paclitaxel has provided
oncologists with a novel taxane formulation that has
shown efficacy benefits relative to CrEL-paclitaxel
and docetaxel in ORR, OS, and PFS in patients
with MBC. In addition to enhanced efficacy in some
patients, the use of albumin in place of chemical
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solvents to deliver paclitaxel to the tumor allows
patients to avoid pretreatment with corticosteroids
and antihistamines and to benefit from a shorter infu-
sion time of 30 minutes. Furthermore, despite a higher
dose of paclitaxel, the safety profile of nab-paclitaxel
compares favorably with that of CrEL-paclitaxel.”
Although grade 3 sensory neuropathy has occurred
more frequently among patients receiving nab-pacli-
taxel vs. those receiving docetaxel or CrEL-paclitaxel
in head-to-head trials, the time to improvement to a
lesser grade is substantially shorter for nab-paclitaxel,
perhaps reflecting the absence of the chemical solvents
used to suspend docetaxel and paclitaxel.*#"* Finally,
a phase II study in patients with MBC who previ-
ously had been treated heavily with CrEL-paclitaxel
and docetaxel showed promising efficacy in response
to nab-paclitaxel.®! Thus, nab-paclitaxel may prove
to be a valuable treatment option for patients with
MBC both in the first-line setting and among patients
who have already shown resistance to treatment with
previous taxanes.
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