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ABSTRACT

Ixabepilone (Ixempra) is a member of
a new class of cytotoxic agents, the
epothilones. Epothilones promote tubu-
lin polymerization in vitro and dem-
onstrate antitumor activity. This article
reviews the preclinical and clinical data
that have led to the approval of ixa-
bepilone for patients with locally ad-
vanced or metastatic breast cancer for
whom anthracycline and taxane treat-
ments have failed.
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INTRODUCTION

In 2007, it was estimated that breast
cancer would account for more than
40,000 deaths in the U.S.! The outcome
for patients with advanced breast cancer
has improved significantly in recent
years. Mortality rates have declined as a
result of better mammography screening
and improved therapies with the intro-
duction of new medications.*® Of these
agents, the taxanes and anthracyclines
have emerged as the cornerstones of
therapy for advanced disease as well as
for early-stage breast cancer. Unfortu-
nately, although taxanes and anthracy-
clines are highly active initially, treat-
ment failure occurs in a substantial
number of patients, and median survival
for metastatic breast cancer is two to
three years.?¢8

In more than 90% of patients with
metastatic cancer, treatment failure
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occurs as a result of the development
of cross-resistance to antineoplastic
agents.’ This multidrug resistance phe-
notype is thought to be conferred via the
overexpression of efflux transporters,
such as P-glycoprotein (P-gp), and other
multidrug-resistant proteins that serve
as efflux pumps, effectively removing
anticancer agents from targeted tumor
cells. Other mechanisms of anticancer
drug resistance include alterations in tar-
get proteins, such as beta-tubulin, as in
the case of taxanes.®*? The fact that both
anthracyclines and taxanes are suscepti-
ble to a range of multidrug resistance
mechanisms represents a considerable
limiting factor in breast cancer ther-
apy.’*!® The increased use of these
agents in the adjuvant setting for earlier-
stage breast cancer means that fewer
effective options are available for patients
with advanced disease.?*

For patients who no longer respond
to anthracyclines and taxanes, cap-
ecitabine (Xeloda, Roche) is commonly
used, but objective response rates
(ORRs) are reported to be low (9%—
14%).2617 Until recently, capecitabine was
the only approved agent for patients with
metastatic breast cancer that was re-
sistant to paclitaxel (Taxol, Bristol-Myers
Squibb) and to anthracyclines. There-
fore, there is a significant unmet need for
better therapeutic agents for late-stage
breast cancer.

Ixabepilone (Ixempra, Bristol-Myers
Squibb), a member of the epothilone
class, was approved by the U.S. Food and
Drug Administration (FDA) on October
16, 2007, as monotherapy for patients
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with locally advanced or metastatic
breast cancer in whom anthracyclines,
taxanes, and capecitabine have failed and
in combination with capecitabine for
patients in whom an anthracycline and a
taxane have failed.!® Ixabepilone was
specifically developed for patients with
disease that is resistant to other chemo-
therapies, because it has a low suscepti-
bility to multiple mechanisms of drug
resistance.'* This review summarizes
results from the large clinical program
for this promising agent.

DATA SOURCES

PubMed and the Proceedings of the
American Society of Clinical Oncology
were searched for any relevant material
published between 2001 and September
2007. Ixabepilone and BMS-247550 were
used as search terms.

PHARMACOLOGY AND
PRECLINICAL ACTIVITY

The antineoplastic properties of tax-
anes are mediated through their ability to
bind to and stabilize the tubulin subunits
of cellular microtubules, resulting in
mitotic arrest in the G,/M phase and
apoptosis. The efficacy of taxanes in
breast cancer has suggested that target-
ing of cell microtubules plays a critical
role in treating this malignancy. This
knowledge has led to a new generation of
microtubule-targeted agents, of which
epothilones represent a promising class.?’

Natural epothilones are isolated from
the soil-dwelling myxobacterium Soran-
gium cellulosum. It was believed that the
natural epothilones occupied a common
or overlapping binding site with the tax-
anes on beta-tubulin. However, electron
crystallography data show that epo-
thilones bind to a common tubulin-bind-
ing site in a manner qualitatively differ-
ent from that used by the taxanes.?*
Because of this altered binding, epo-
thilones are less susceptible to drug-
resistance mechanisms that limit the
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efficacy of taxanes.?* Various point
mutations in beta-III tubulin may also
confer resistance to taxanes but not to
epothilones.? In addition, P-gp over-
expression does not affect the cytotoxic-
ity of epothilones to the same degree
as it affects other chemotherapeutic
agents.?

A novel microtubule-stabilizing agent,
ixabepilone, was developed to optimize
the properties of naturally occurring
epothilone B (Figure 1).1921%327 Of the
epothilones currently in development,
ixabepilone is the most clinically ad-
vanced.!

PHARMACOKINETICS

In patients with cancer, the pharmaco-
Kkinetic properties of ixabepilone are lin-
ear at doses of 15 to 57 mg/m?2.!® The
drug disposition of ixabepilone is charac-
terized by a rapid distributive phase, fol-
lowed by a more prolonged terminal
elimination phase.?®* Ixabepilone has a
terminal elimination half-life of approxi-
mately 52 hours."® At the recommended
dose and schedule (40 mg/m? admin-
istered intravenously over three hours
every three weeks), no accumulation of
ixabepilone within the plasma is ex-
pected, because the cycle length is ap-
proximately 10 times the terminal elimi-
nation half-life.'®

Ixabepilone is typically distributed
across a large volume at steady state (in
excess of 1,000 L). This is consistent with
extensive tissue uptake and high bind-
ing (range, 67%—77%) to serum proteins.'®

Ixabepilone is extensively metabolized
in the liver by oxidative metabolism via
cytochrome P450 (CYP 3A4) to more
than 30 metabolites, none of which has
been shown to have clinically relevant
cytotoxic activity.’® Elimination occurs
primarily via the liver. After an intra-
venous (IV) dose of 1*[C]-ixabepilone was
administered to patients, 65% of the dose
was eliminated in the feces and 21% of the
dose was excreted in the urine.!®

CLINICAL TRIALS
Phase | Clinical Studies

In the phase 1 setting, a number of IV
infusion schedules of ixabepilone have
been evaluated. These include a single
dose every three weeks, a daily dose for
three or five days every three weeks, and
a weekly schedule.

Several authors have investigated the
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with a nitrogen atom.

Figure I Chemical structures of ixabepilone and epothilone B. In epothilone B,
an oxygen atom is in the macrolide ring; in ixabepilone, that O atom is replaced

Epothilone B

once-every-three-week regimen.?*! In
total, 63 patients with a range of solid tu-
mors were treated according to this
schedule at dose levels ranging from 7.4
to 65 mg/m? Responses to therapy were
observed in patients with melanoma,
non-small-cell lung cancer, ovarian
cancer, and breast cancers (taxane-naive
and taxane-refractory). Dose-limiting
toxicities included grade 4 neutropenia,
peripheral neuropathy, gastrointestinal
(GI) discomfort, fatigue, and emesis. Of
note, the incidence of neuropathy in
these trials was theorized to be related to
peak concentrations; therefore, a three-
hour instead of a one-hour infusion
schedule was recommended for phase 2
studies.® For phase 2 development of
this schedule, 40 mg/m? was established
as the recommended dose of ixabep-
ilone.

Phase 1 studies have also established
the maximum tolerated dose for ixabepi-
lone when administered as a one-hour
daily infusion on three or five consecutive
days every three weeks.?*? On these
schedules, the maximum tolerated dose
was 6 or 8 mg/m? per day.?®*2 Weekly
schedules of ixabepilone have also been
investigated.®-*

Phase 2 Clinical Studies

The clinical efficacy of ixabepilone as
a single agent has been studied for a
variety of tumor types and has been ex-
tensively evaluated in phase 2 trials of
both advanced and metastatic breast can-
cer (Table 1).354 In these studies, ixa-
bepilone has demonstrated promising
clinical activity and good tolerability
across a broad spectrum of patients. In
addition, given the significant negative
impact that drug resistance may have on
outcome, it is particularly encouraging to
note that in these trials, ixabepilone

activity was observed against anthra-
cycline-resistant, taxane-resistant, and
capecitabine-resistant tumors. The pri-
mary outcome measure for these studies
was the ORR. ORRs ranged from 11.5% to
57% and were dependent on previous
therapy and the line of therapy.®**!

As neoadjuvant therapy, ixabepilone
appears to compare favorably in activity
with that of other cytotoxic monothera-
pies.*! Data have been reported from a
phase 2 trial in 164 patients with locally
advanced breast cancer. Up to four cycles
of ixabepilone (40 mg/m? infused over
three hours every three weeks) were
administered as primary systemic (neo-
adjuvant) therapy to patients with inva-
sive breast cancer (stages IIA-IIIB)
before surgery. A pathological complete
response (pCR) rate of 18% (29/161) was
observed, and 17 of these patients (11%)
also achieved pCRs in the axillary lymph
nodes. The pCR rate in patients with
triple-negative (estrogen receptor/ prog-
esterone receptor/human epidermal
growth factor receptor-2 [ER/PR/ HER-
2-negative]) tumors was 26% (11/42) .

As afirst-line therapy, ixabepilone was
evaluated in 65 patients with metastatic
breast cancer who had received one
(92%) or two (8%) prior anthracycline-
based adjuvant regimens.* In this sin-
gle-arm, phase 2 study, ixabepilone
monotherapy was given as a 40- or 50-
mg/m? infusion over one or three hours
every three weeks. Patients who had re-
ceived a taxane as part of their anthra-
cycline-based adjuvant regimen were not
excluded from the study, provided that
more than one year had elapsed since
the completion of their treatment. How-
ever, most patients (83%) had not re-
ceived a taxane previously. The ORR was
41.5% (95% confidence interval [CI],
29.4%-54.4%) with a median duration of



8.2 months (95% CI, 5.7-10.2 months). In
addition, 35% of patients achieved stable
disease. Median overall survival was 22
months (95% CI, 15.6-27 months).*

The highest response rate was noted
in a single-arm, phase 2 study in which
ixabepilone (6 mg/m? infused over one
hour on five consecutive days every
three weeks) was given as a first-line or
a subsequent therapy to 23 patients with
metastatic breast cancer.* These patients
were taxane-naive, but 70% had received
anthracycline and/or capecitabine ear-
lier.*" In total, 13 patients (57%) had
partial responses and six patients (26%)
had stable disease, resulting in an ORR
of 57% (95% CI, 34.5%— 76.8%) with a me-
dian duration of 5.6 months. Median time
to disease progression was 5.5 months.*

In these phase 2 studies, lower re-
sponse rates were observed with tumors
that were refractory to taxane; however,
given the highly unresponsive nature of
this type of disease, the response to ixa-
bepilone remains clinically relevant.

An additional phase 2 trial was con-
ducted in patients with metastatic breast
cancer who had experienced disease pro-
gression while receiving, or within four
months of receiving, a taxane (or within
six months if they had received adjuvant
taxane therapy) and who had been given
a taxane as their most recent regimen.*

In total, 49 patients received ixabepilone
as a three-hour infusion of 40 mg/m?
every three weeks, resulting in a re-
sponse rate of 12% (95% CI, 4.7%—26.5%).
All six responses were partial, and five of
these occurred in patients who had not
responded to prior taxane therapy. The
median response duration was 10.4
months. In addition, 20 patients achieved
stable disease. The median time to pro-
gression was 2.2 months (95% CI, 1.4-3.2
months), and median survival was 7.9
months.*

In another phase 2 study, 37 patients
with breast cancer with measurable
disease who had received paclitaxel,
docetaxel (Taxotere, Sanofi-Aventis), or
both, as prior neoadjuvant, adjuvant, or
metastatic therapy received IV ixabep-
ilone at 6 mg/m? per day on days one
through five every three weeks.”® The
best responses included a complete
response in one patient (3%), partial
responses in seven patients (19%), and
stable disease in 13 patients (35%).

A small phase 2 study evaluated ixa-
bepilone (8-10 mg/m? per day for three
days every three weeks) in patients with
metastatic breast cancer who had previ-
ously received taxanes.* In this trial, at
least one response among the first 12
patients was required for accrual to con-
tinue to a total of 37 patients. No com-
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plete or partial responses were observed
(N = 12). The authors concluded that
these dosages of ixabepilone were not
effective in this heavily pretreated popu-
lation. This outcome might have resulted
from the fact that the patient population
had not achieved adequate dose density.
In the phase 2 registration trial,* ixa-
bepilone was administered as a 40-mg/
m? IV infusion given over three hours
every three weeks in a multicenter, sin-
gle-arm study of patients with metastatic
breast cancer that was resistant to earlier
therapy with anthracyclines, taxanes, and
capecitabine. The primary endpoint was
the ORR. Secondary endpoints included
time to response, response duration, pro-
gression-free survival, and tolerability.
In this study, patients were heavily pre-
treated and had disease resistance to
multiple earlier therapies. Of 126 en-
rolled patients, 88% had received two or
more previous antineoplastic regimens
in the metastatic setting, 64% had three or
more metastatic sites, 77% had visceral
disease, and 33% had triple-negative tu-
mors. Triple-negative tumors are com-
mon in premenopausal women, and they
are aggressive and resistant to standard
antineoplastic agents used to treat
metastatic breast cancer. An ORR was
achieved in 11.5% (95% CI, 6.3%—18.9%) of
patients, as assessed by an independent

Table | Response Rates in Clinical Trials of Ixabepilone Monotherapy in Metastatic Breast Cancer:

Key Phase 2 Trials

or metastatic therapy

Trial Eligibility Criteria No. | Dose and Schedule Response Rate

Baselga et al.*! Neoadjuvant therapy in patients with locally ad- 164 | 40 mg/m? q3w pCR rate, 19%
vanced breast cancer

Denduluri I'st- or >2nd-line therapy in patients with taxane- 23 | 6 mg/m? ORR, 57%;

etal® naive MBC days [-5 q3w SD rate, 26%

Roché et al.*® I'st-line therapy in patients with MBC previously 65 | 40 mg/m*q3w ORR, 41.5%;
treated with an adjuvant anthracycline SD rate, 35%

Low et al.’® I'st- 2nd-, or >3rd-line therapy in patients previously 37 | 6 mg/m? ORR, 22%;
treated with a taxane as prior neoadjuvant, adjuvant, days 1-5 q3w SD rate, 35%

taxane-resistant MBC

Thomas et al.¥” | Ist-,2nd-, 3rd-, or 4th-line therapy in patients with 49

40 mg/m?q3w

ORR, 12%;
SD rate, 41%

Perez et al.®*

3rd- or 4th-line therapy in patients with MBC resist- | 126
ant to anthracyclines, taxanes, and capecitabine

40 mg/m? q3w

ORR, | 1.5%;
SD rate, 50%

Denduluri

etal.®? therapy

Patients with MBC who have received prior taxane 12

8-10 mg/m*q3w

ORR, 0%; SD rate for =6
weeks, 83%

disease.

MBC = metastatic breast cancer; ORR = objective response rate; g3w = every 3 weeks; pCR = pathological complete response; SD = stable
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radiology facility, as well as in 18% (95%
CI, 11.9%-27.0%), as assessed by the in-
vestigator. An ORR was achieved in 12%
(5/42) of patients with triple-negative
tumors whose responses were assess-
able by the radiology facility.** The re-
sponse rate in patients with progressive
disease as a best response to prior tax-
anes was 11%, according to the manufac-
turer.

The median time to response was 6.1
weeks (range, 5-19 weeks). The median
progression-free survival was 3.1 months
(95% CI, 2.7-4.2 months); the median
response duration was 5.7 months (95%
CI, 4.4-7.3 months).

The potential for combined therapy
with ixabepilone and capecitabine was
initially highlighted through preclinical
studies, which demonstrated synergy be-
tween these compounds.* Subsequently,
a phase 1/2 study confirmed the activity
and feasibility of this regimen and iden-
tified appropriate doses for a phase 3
study.* It is encouraging that in this
phase 1/2 trial, ixabepilone and capecit-
abine had non-overlapping toxicity pro-
files.*

In phase 2 studies, ixabepilone mono-
therapy demonstrated activity and good
tolerability with a range of tumor types,
including non-small-cell lung cancer,
squamous cell cancer of the head and
neck, and prostate cancer.* Many of
the patients in these studies had ad-
vanced pretreated tumors that were re-
sistant to other antineoplastic agents.

Phase 3 Clinical Trials

The value of ixabepilone combined
with capecitabine was confirmed in a
randomized phase 3 controlled trial, con-
ducted in patients with anthracycline-
pretreated/resistant and taxane-resistant
metastatic breast cancer.* In total, 752
patients were randomly assigned: 375
received ixabepilone (40 mg/m? IV over
three hours, every three weeks) plus
capecitabine (1,000 mg/m? orally twice
daily every 14 days), and 377 received
capecitabine (1,250 mg/m? twice daily
orally every 14 days). The primary end-
point was progression-free survival. Sec-
ondary endpoints included ORR, overall
survival, duration of response, and time
to response.

Progression-free survival was found to
be significantly longer for the experimen-
tal arm (5.8 months) than for the control
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arm (4.2 months) (hazard ratio = 0.75;
95% CI, 0.64-0.88 months; P = 0.00003),
with a 25% reduction in estimated risk of
disease progression. A subset analysis
also revealed that this advantage was
maintained across a range of predefined
patient types, including patients whose
tumors were triple-negative (ER-, PR—,
and HER-2-) and those whose tumors
were HER-2 positive (HER-2+). The ORR
was 35% in the ixabepilone/capecitabine
arm and 14% in the capecitabine arm
(P<0.0001).#

In patients who exhibited progression
of disease as a best response to prior tax-
ane therapy, the ORR in the experimen-
tal arm was 33% (95% CI, 26%—42%); in
the control arm, the ORR was 14% (95%
CI, 8%—20%). The median duration of
response was 6.4 months for ixabepi-
lone/capecitabine (95% CI, 5.6-7.1
months) and 5.6 months for capecitabine
(95% CI, 4.2-7.5 months). The time to re-
sponse was similar for the two treatment
arms: 11.7 and 12 weeks, respectively. In
the ixabepilone/capecitabine arm, 41%
of patients achieved stable disease; in the
capecitabine monotherapy arm, 46% of
patients achieved stable disease.*

Table 2 lists grade 3/4 adverse events
for this phase 3 study. Hematological tox-

icity was common and consisted prima-
rily of leukopenia and neutropenia, with
a 4% incidence of febrile neutropenia.
Growth factor support was not required
but was administered to 20% of patients
who received ixabepilone/capecitabine
and to 3% of the capecitabine patients.
Anemia and thrombocytopenia were
most often grade 1/2 in both treatment
groups.* Peripheral neuropathy was
common, as it is with any of the tubulin-
active drugs. The peripheral neuropathy
associated with ixabepilone in this study
occurred in 65% of patients in the combi-
nation arm and was primarily sensory
and cumulative but generally reversible.
Peripheral neuropathy was related
mainly to the maximum plasma concen-
tration (C,,) and, to a lesser extent, to
the area-under-the-curve (AUC) concen-
tration. Patients received a median of
four cycles before the onset of grade 3/4
neuropathy. After dose reductions, the
patients were able to receive a median of
three additional cycles of therapy. The
median time to resolution (a return to
baseline or to grade 1) of grade 3/4 neu-
ropathy was six weeks.*

A second phase 3 trial of ixabepilone
plus capecitabine in taxane-pretreated
patients (trial NCT00082433) has com-

Table 2 Incidence of Grade 3 and 4 Adverse Events in the Pivotal
Phase 3 Trial of Ixabepilone/Capecitabine or Capecitabine Alone

In Patients with Metastatic Breast Cancer Previously Treated with
Or Resistant to Anthracycline and Resistant to Taxanes

Ixabepilone plus
Capecitabine Capecitabine
(n=369) (n=368)
Hematological toxicities % %
Leukopenia 57 6
Anemia 10 4
Neutropenia 68 Il
Thrombocytopenia 8 4
Febrile neutropenia 4 <l
Nonhematological toxicities
Peripheral neuropathy 23 0
Hand—foot syndrome 18 17
Fatigue 9 3
Myalgia 8 3
Diarrhea 6 9
Vomiting 4 2
Nausea 3 2
Mucositis 3 2
Arthralgia 3 0
Data derived from Thomas ES, Gomez HL, Li RK, et al. ] Clin Oncol 2007;25:5210-521 7.4




pleted enrollment, and data are now
being analyzed. Patients received a max-
imum of two prior antineoplastic regi-
mens, or if they had been treated for
metastatic disease, they relapsed within
one year of treatment. The primary out-
come measure is overall survival; sec-
ondary outcome measures include time
to progression, ORR, duration of re-
sponse in patients with measurable dis-
ease, and quality of life.

DOSAGE, ADMINISTRATION,
AND DOSE MODIFICATIONS

The FDA-approved dose of ixabepilone
is 40 mg/m? given intravenously over
three hours every three weeks. In clini-
cal studies of ixabepilone, doses for
patients with a body surface area (BSA)
greater than 2.2 m? were to have been
based on a BSA of 2.2 m®. Because few
patients in the clinical studies of ixabepi-
lone had a BSA greater than 2.2 m?, data
on these patients are limited. Ixabepilone
is commercially available as 15-mg and
45-mg Kkits; each kit contains two vials
consisting of lyophilized drug and diluent
for constitution. Ixabepilone kits must be

stored in a refrigerator at 2°C to 8°C
(36°F-46°F). The diluent used with ixa-
bepilone contains Cremophor EL (BASF
Aktiengesellschaft) and dehydrated
alcohol. After constitution with the dilu-
ent, the concentration of ixabepilone is 2
mg/mL. The constituted solution must
be further diluted with lactated Ringer’s
solution USP in non-di(2-ethylhexyl)-
phthalate (DEHP) IV bags to a final con-
centration of between 0.2 and 0.6 mg/
mL. The infusion solution must be ad-
ministered with a non-DEHP infusion set
via an in-line filter with a microporous
membrane of 0.2 to 1.2 microns. Diluted
solutions are stable at room temperature
and remain stable in light for up to six
hours.' Because of the potential for
neurotoxicity, ixabepilone should be in-
fused over three or more hours.®

Dose modifications are required for
patients with liver impairment (Table 3).
Ixabepilone was evaluated in 56 patients
with mild-to-severe hepatic impairment,
as defined by bilirubin and aspartate
aminotransferase (AST) or alanine
aminotransferase (ALT) levels. Com-
pared with patients with normal hepatic
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function (n = 17), the AUC,_,, of ixabepi-
lone increased by 22% in patients with
either bilirubin 1 to 1.5 times above the
upper limit of normal (ULN) or an AST
level above the ULN but with bilirubin
below 1.5 times the ULN. The AUC con-
centration increased by 30% in patients
with bilirubin above 1.5 to 3 times the
ULN and any AST level and by 81% in
patients with bilirubin greater than 3
times the ULN and any AST level.®

Hepatic impairment results in
increased exposure to ixabepilone and
greater toxicity when ixabepilone is
given with capecitabine or as mono-
therapy. Dose modification of ixabepi-
lone used as monotherapy is based on
the degree of hepatic impairment (see
Table 1). Patients should not receive ixa-
bepilone monotherapy if AST or ALT
levels are more than 10 times the ULN or
if bilirubin is 3 times the ULN.*®

CONTRAINDICATIONS

The most commonly described ad-
verse effect of drugs formulated with
Cremophor EL is hypersensitivity. Ixa-
bepilone diluent contains a highly puri-

Table 3 Dose Adjustments for Ixabepilone

Adjustment

Suggested Dose or Dose Modification

Nonhematological toxicity*

Any grade 3 toxicity (severe)

Grade 3 hand—foot syndrome

Any grade 4 toxicity (disabling)
Hematological toxicity*

Neutrophils <500 cells/mm? for =7 days

Febrile neutropenia

Hepatic Impairment
Ixabepilone monotherapy

Coadministration with other drugs
Strong inhibitors of CYP 3A4+ti+

Grade 2 neuropathy (moderate) lasting =7 days
Grade 3 neuropathy (severe) lasting <7 days
Grade 3 neuropathy (severe) lasting =7 days or disabling neuropathy

Transient grade 3 arthralgia/myalgia or fatigue

Decrease dose by 20%
Decrease dose by 20%

Platelets <25,000/mm? or platelets <50,000/mm? with bleeding Decrease dose by 20%

AST and ALT =2.5 x ULN and bilirubin <I x ULN

AST and ALT <10 x ULN and bilirubin <1.5 x ULN

AST and ALT <10 x ULN and bilirubin >1.5 x ULN =3 x ULN
Ixabepilone + capecitabine combination therapy

AST or ALT >2.5 x ULN or bilirubin >| x ULN

Starting dose: 20 mg/m?

Decrease dose by 20%
Decrease dose by 20%
Discontinue treatment
Decrease dose by 20%
No change in ixabepilone dose
No change in ixabepilone dose
Discontinue treatment

Recommended dose: 40 mg/m?
Recommended dose: 32 mg/m?
Recommended dose: 20-30 mg/m?

Contraindicated

ALT = alanine aminotransferase; AST = aspartate aminotransferase; CYP 3A4 = cytochrome P450 isoenzyme 3A4; ULN = upper limit of normal.

*Toxicities graded in accordance with the National Cancer Institute Common Toxicity Criteria (CTC) for adverse events.

T Inhibiting oxidative metabolism of ixabepilone may significantly increase its plasma concentrations.

} Examples of strong cytochrome CYP 3A4 inhibitors: ketoconazole, itraconazole, clarithromycin, atazanavir, nefazodone, saquinavir,
telithromycin, ritonavir, amprenavir, indinavir, nelfinavir, delavirdine, and voriconazole.
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fied form of Cremophor EL. It is believed
that this purity might be one reason that
hypersensitivity reactions are less pro-
nounced than with paclitaxel (Taxol).!®
Of 1,323 patients mentioned in the pre-
scribing information (PI) for ixabepilone,
1% (n = 9) experienced severe hypersen-
sitivity reactions.!® Three of these nine
patients were able to receive re-treat-
ment.

Ixabepilone should not be given to
patients who have a history of severe
hypersensitivity (grade 3/4) to Cremo-
phor EL or its derivatives. Premedica-
tion with H, and H, antihistamines is
advocated for all patients to reduce the
risk of their experiencing any such re-
actions.'®® In contrast to clinical practice
with the taxanes,®% corticosteroid pre-
medication is not necessary unless the
patient has experienced a hypersensitiv-
ity reaction to ixabepilone. Because
patients are likely to have been heavily
pretreated, antiemetic therapy should be
used as part of the premedication proto-
col before treatment with ixabepilone.

The use of ixabepilone is contra-
indicated in patients with neutropenia or
thrombocytopenia (neutrophil count be-
low 1,500/mm? or platelet counts of less
than 100,000/mm?®). Grade 4 neutropenia
(below 500 cells/mm?®) occurred in 36%
of patients treated with ixabepilone plus
capecitabine and in 23% of those receiv-
ing ixabepilone alone.’®%

The neutropenia-related death rate
was higher in patients with significant
liver impairment. Because of this adverse
event, ixabepilone/capecitabine is con-
traindicated in patients with AST or ALT
levels above 2.5 times the ULN or with
bilirubin above 1 times the ULN, as
stated in the boxed warning.'®

ADVERSE EFFECTS

In phase 2 monotherapy trials, ixabepi-
lone demonstrated a manageable safety
profile when given at the recommended
schedule of a 40-mg/m? IV infusion over
three hours every three weeks to appro-
priately selected patients.***"*% Adverse
events commonly reported with ixabepi-
lone monotherapy are summarized in
Table 4. Grade 3 and 4 treatment-related
adverse events included peripheral sen-
sory neuropathy, fatigue and asthenia,
myalgia, stomatitis, mucositis, and neu-
tropenia, although febrile neutropenia
was uncommon. Among lower-grade
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events, alopecia occurred at a notably
high rate 2657%

In the pivotal phase 3 study, adverse
events related to ixabepilone plus cap-
ecitabine were usually mild to moderate
and generally manageable (see Table 2),
although a higher rate of treatment-
related mortality was reported in patients
with liver dysfunction.* The addition of
ixabepilone to capecitabine significantly
increased grade 3/4 hematological toxi-
city, predominantly neutropenia, even
though the rates of febrile neutropenia
and infection were low. Grade 3/4 non-
hematological events also occurred more
frequently with the combination (includ-
ing neuropathy, fatigue, and myalgia),
but the addition of ixabepilone to
capecitabine did not increase the inci-
dence of grade 3/4 hand-foot syndrome
or diarrhea, the predominant toxicities
associated with capecitabine.

Caution is advised when ixabepilone is
administered to patients with pre-exist-
ing neuropathy. The presence of grade 1
neuropathy and prior treatment with neu-
rotoxic chemotherapy do not predict the
development or worsening of neurop-
athy.!® Patients with grade 2 neuropathy
were excluded from clinical trials. Neu-
ropathy is perhaps the most clinically
relevant adverse event associated with
ixabepilone; on average, 23% of patients
experience grade 3/4 neuropathy. Ixa-
bepilone-associated neuropathy is cumu-
lative and mainly sensory, although in
most cases it is reversible and can be
managed by dose reductions and delays
in treatment. Therapy should be inter-
rupted at the first signs of neuropathy
and should be restarted when neurop-
athy has returned to the baseline level or
when severity has diminished to grade 1.

Dose modification of ixabepilone,
capecitabine, or both, is the most effec-
tive approach to managing the hemato-
logical and other nonhematological tox-
icities associated with this combin-
ation.’®* Several doses and schedules for
ixabepilone have been investigated, and
alternative daily and weekly schedules
continue to be studied in ongoing efforts
to optimize the agent’s therapeutic ratio.

DRUG INTERACTIONS

In vitro studies have identified CYP
3A4 as the main route of oxidative metab-
olism of ixabepilone.'® Inhibition of this
enzyme may decrease metabolism and

increase plasma concentrations of ixa-
bepilone. Ixabepilone doses should be
reduced if the drug is being admin-
istered concomitantly with a strong
inhibitor of CYP 3A4, such as ketocona-
zole (Nizoral, Janssen), itraconazole
(Sporanox, Janssen), ritonavir (Norvir,
Abbott), amprenavir (Agenerase, Glaxo-
SmithKline), indinavir (Crixivan,
Merck), nelfinavir (Viracept, Agouron),
delavirdine (Rescriptor, Pfizer) or vor-
iconazole (Vfend, Pfizer). In vitro data
are consistent with available clinical data
(e.g., with ketoconazole).% Caution
should be used when mild or moderate
CYP 3A4 inhibitors such as erythro-
mycin, fluconazole (Diflucan, Pfizer), and
verapamil (e.g., Calan, Pfizer) are given.!®

The use of strong CYP 3A4 inducers,
such as dexamethasone, phenytoin (Di-
lantin, Pfizer), carbamazepine (Tegretol,
Novartis), rifampin, and phenobarbital,
may lead to subtherapeutic levels of
ixabepilone; caution is advised if con-
comitant enzyme inducers must be ad-
ministered. Ixabepilone does not induce
or inhibit CYP 3A4 or other liver micro-
somal enzymes by clinically relevant
amounts; therefore, plasma levels of
other drugs that are substrates for CYP
enzymes should not be affected by ixa-
bepilone."®

COST

As of November 2007, the average
wholesale price (AWP) of ixabepilone,
according to the manufacturer, was
$921.96 for the 15-mg kit and $2,765.89
for the 45-mg kit.5 The AWP for a typical
75-mg dose of ixabepilone would be
$4,609.81. These prices do not take
into account other pharmacoeconomic
parameters, such as specialist equipment
or nurse time, that may influence the
overall cost of administration of ixabepi-
lone. For example, because of the pres-
ence of Cremophor EL, non-DEHP bags
and tubing are required to prevent the
plasticizer from leaching into the solu-
tion. Currently, lactated Ringer’s solu-
tion in non-DEHP IV bags is available
only through a single manufacturer.

CONCLUSION

Ixabepilone is minimally susceptible
to resistance mechanisms that have a
detrimental impact on the efficacy of
taxanes and anthracyclines. Ixabepilone
thus represents a clinically useful addi-



tion to the armamentarium of therapeu-
tic agents available for patients with
metastatic breast cancer when resistance
to active agents has developed through
earlier lines of therapy. For this purpose,
ixabepilone has shown clinical benefits
for patients across a wide spectrum of
this disease, including those with exten-
sive, aggressive, and heavily pretreated
tumors. It has also demonstrated syner-
gistic activity when given with cap-
ecitabine, an antineoplastic agent that is
commonly used for refractory disease.

On the basis of positive phase 2 and 3
clinical trial data, ixabepilone has now
received regulatory approval for use with
capecitabine for patients with metastatic
or locally advanced breast cancer after
failure of an anthracycline and a taxane
and as monotherapy in the event of fail-
ure with an anthracycline, a taxane, and
capecitabine.

In phase 2 studies, ixabepilone alone
has demonstrated encouraging activity
against advanced and metastatic disease
across several therapy lines, suggesting
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that it may have the potential to replace
taxanes as initial therapy in selected
patients in the metastatic setting and may
warrant investigation as an adjuvant ther-
apy for early breast cancer.®

The efficacy of ixabepilone may be en-
hanced through its use in combination
with other antineoplastic agents; several
studies in which ixabepilone is combined
with targeted therapies are ongoing or
planned.®® Most notably, a phase 2 ran-
domized trial (NCT00370552) is now
under way to compare two schedules of

Table 4 Treatment-Related Adverse Events (%) Occurring in 10% of More of Patients in Clinical Trials

Of Ixabepilone Monotherapy in Metastatic Breast Cancer: Key Phase 2 Trials

Denduluri Roché Low Thomas Perez
et al.* et al.® etal.® etal.” et al.*
Adverse Event (n=123) (n=65) (n=37) (n=49) (n=126)
Nonhematological toxicity
Peripheral sensory neuropathy 52 71 54 63 60
(Grade 3/4:0)  (Grade 3/4:20) (Grade 3/4:3)  (Grade 3/4:12) (Grade 3/4: 14)
Fatigue/asthenia 78 68 64 76 50
(Grade 3/4:13)  (Grade 3/4:6) (Grade 3/4:13) (Grade 3/4:27) (Grade 3/4: 14)
Myalgia, arthralgia 30 97 52 84 49
Alopecia 87 92 54 43 48
Nausea 6l 54 54 57 42
Stomatitis, mucositis, pharyngitis - 32 - 28 29
Vomiting 39 26 21 41 29
Diarrhea 48 29 35 31 22
Rash - 22 - 12 -
Musculoskeletal pain - - - - 20
Anorexia - 18 - 18 19
Constipation 56 20 27 20 16
Nail changes 56 17 30 8 9
Fever - 14 - 16 -
Abdominal pain, cramping - 8 - 10 13
Headache - 14 - - I
Neuropathic pain - 12 - 8 -
Pain, other - 14 - 65 8
Infection without neutropenia - 14 - 12 -
Infection, febrile neutropenia 0 6 14 6 -
Motor neuropathy 9 6 - - 10
Taste disturbance, dysgeusia 65 I 33 - 6
Hematological toxicity
Neutropenia 87 89 67 - 79
(Grade 3/4:22) (Grade 3/4:58) (Grade 3/4:35) (Grade 3/4:53) (Grade 3/4:54)
Leukopenia - - 6 90
(Grade 3/4:50) (Grade 3/4:2)  (Grade 3/4:49)
Anemia 83 92 73 6 84
(Grade 3/4:0)  (Grade 3/4:3) (Grade 3/4:) (Grade 3/4:4)  (Grade 3/4:8)
Thrombocytopenia 52 40 40 - 44
(Grade 3/4:4)  (Grade 3/4:0) (Grade 3/4:8) (Grade 3/4:8)
*Two trials are omitted, because minimal adverse event data were reported in one trial*' and patient numbers were low in the other.?
Grade 3/4 = National Cancer Institute Common Toxicity Criteria (CTC) grade 3 or 4.
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ixabepilone plus bevacizumab (Avastin,
Genentech), with paclitaxel plus beva-
cizumab given as a first-line therapy for
locally recurrent or metastatic breast
cancer.%

Ixabepilone has a manageable safety
profile. The prescribing information con-
tains four warnings and precautions, in-
cluding those regarding hypersensitiv-
ity (typically related to the diluent;
treated with premedication with hista-
mine antagonists) and fetal harm when
administered to pregnant women. Addi-
tional warnings relate to neuropathy (pri-
marily sensory) and myelosuppression.
Neuropathy is cumulative, is generally
reversible, and can be managed by dose
adjustment and treatment delays. Myelo-
suppression (typically neutropenia) can
be managed with dose adjustments.*®

Ixabepilone represents a promising
addition to the therapeutic options avail-
able for advanced breast cancer. Overall
survival data from phase 3 clinical trials
are expected to be available in the near
future. Through an extensive clinical de-
velopment program, ixabepilone has
demonstrated antitumor activity for a
wide range of solid tumors.
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