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Breast cancer Ixabepilone, a novel epothilone B analogue with low susceptibility to cellular mecha-
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1. Introduction

Breast cancer is a heterogeneous disease composed of multi-
ple subtypes, as demonstrated by their different genetic pro-
files, proteomic expression patterns and biological properties,
many of which have not yet been fully characterised.” Breast
tumours can vary widely with respect to both morphology
and pathology measures such as size, histological grade, inva-
siveness, ploidy and proliferation index. Among these vari-
ables, the expression levels of the hormone receptors for
oestrogen (ER) and progesterone (PR) are of major relevance.?
This is not only because ER expression modulates tumour
sensitivity to hormonotherapy, but also because the ER status
of a tumour may impact the efficacy of chemotherapy.> Sim-
ilarly, but to a different extent, PR impact tumour sensitivity
to hormonal therapy and chemotherapy.'® ER and/or PR sta-
tus has been correlated with age of onset of disease, tumour
ploidy, tumour aggressiveness and disease outcomes.®%*3
These characteristics are not causally linked, and the rela-
tionships between them are not well understood.

Variability also exists for expression of growth factor
receptors that regulate breast cancer growth, such as human
epidermal growth factor receptor 2 (HER2). The overexpres-
sion of HER2 is associated with response to HER2-targeted
therapy. In addition, HER2 expression levels may affect out-
comes and susceptibility to chemotherapy.™

Breast cancer patients with ER-negative breast cancer,
including those with ER/PR/HER2-negative tumours, typically
have more aggressive disease and poor prognosis.”> Com-
pared with other breast cancer subtypes, ER/PR/HER2-nega-
tive breast cancer is associated with an earlier age of
disease onset, more frequent local relapse, a higher propor-
tion of visceral and brain metastases and shorter overall sur-
vival.*6?

Ixabepilone, a novel semisynthetic epothilone B analogue,
has demonstrated significant activity against multiple cancer
cell lines and xenograft tumour models, including those with
primary or acquired drug resistance to paclitaxel and/or with
multidrug resistant (MDR) phenotype.?°* Ixabepilone binds
at or near the paclitaxel-binding site on the B-tubulin subunit
of microtubules and stabilises their polymerisation, resulting
in cell cycle arrest and apoptosis.”>’ In contrast with tax-
anes, ixabepilone binds to multiple isotypes of B-tubulin,
including the PIII isotype,®® which may account in part for
its ability to bypass or circumvent resistance associated with
overexpression of pIII-tubulin.?®-2228

Multiple clinical trials have evaluated ixabepilone in
drug-resistant breast cancer following varying degrees of
pretreatment with chemotherapy.?>*® A phase II study also
demonstrated activity of single-agent ixabepilone in the
neoadjuvant setting.>® Patients with invasive breast adeno-
carcinoma (>3 cm diameter) not amenable to breast conser-
vation surgery received ixabepilone (40 mg/m?) as a 3-hour
infusion on day 1 of a 21-day cycle for a maximum of four cy-
cles. A pathologic complete response (pCR) was achieved in
18% of patients.® The primary aim of this phase II neoadju-
vant breast cancer study had been to identify predictors of re-
sponse to ixabepilone using gene expression profiling, and
the analysis identified low ER gene expression as a predictor

of clinical response to treatment with single-agent ixabepi-
lone.?**° Significantly higher activity was observed in pa-
tients with ER-negative breast adenocarcinoma treated with
neoadjuvant ixabepilone, with a pCRp rate of 29% versus
18% in the total patient population.®® Single-agent ixabepi-
lone activity was also observed in patients with ER/PR/
HER2-negative tumours, with a pCRg rate of 26%.%*>° These
results highlighted a need to further explore ixabepilone’s
efficacy in patients with low ER expression.*’

In the metastatic breast cancer (MBC) setting, five early
phase II monotherapy studies and one recently completed
phase III trial of ixabepilone in combination with capecitabine
have demonstrated that this agent is effective in patients
with metastatic disease.’*? In three of the monotherapy
phase II trials, patients received ixabepilone 40 mg/m?
administered as a 3-hour infusion on day 1 every 21 days (Ta-
ble 1). A retrospective analysis was performed in patients
with subtypes of ER-negative tumours in these three phase
Il ixabepilone monotherapy trials. Interestingly, in these three
studies the response rate was similar in 71 patients with ER/
PR/HER2-negative breast cancer (17%) and in 169 patients
with non-ER/PR/HER2-negative disease (21%).® This analysis
demonstrated that ixabepilone monotherapy was effective
against ER/PR/HER2-negative disease despite the historically
poor prognosis of this patient population. In order to assess
the activity of the ixabepilone plus capecitabine doublet in
these poor prognosis patient populations, a prospective sub-
set analysis was planned and conducted as part of the subse-
quent phase III trial. The results of this analysis are discussed
in this review.

2. Patients in the phase III trial and methods

The randomised phase III trial demonstrated efficacy of ixab-
epilone in combination with capecitabine versus capecitabine
alone in 752 patients with locally advanced or MBC who were
pretreated with or resistant to anthracyclines and resistant to
taxanes.>* Resistance to taxanes was defined as tumour pro-
gression during treatment or within 4 months of the last dose
in the metastatic setting or 12 months in the adjuvant setting.
Eighty-five percent of patients had progressed on prior taxane
therapy for MBC, and 93% had received >1 prior regimen for
metastatic disease. In addition to being heavily pretreated,
patients in this trial had widespread metastatic disease (84%
had significant baseline visceral disease involving the liver
and/or lung).

Patients received ixabepilone 40 mg/m?, administered as a
3-hour infusion on day 1 every 21 days, plus capecitabine
2000 mg/m? daily on days 1 through 14 every 21 days; those
treated with capecitabine alone received a dose of 2500 mg/
m? daily on days 1 through 14 every 21 days. The primary
end-point of the study was progression-free survival (PFS).
Treatment with ixabepilone plus capecitabine resulted in a
median PFS of 5.8 months compared with 4.2 months for
capecitabine monotherapy, reflecting a 25% reduction in esti-
mated risk of disease progression (hazard ratio [HR]=0.75;
p = 0.0003).(34) Response rates were also greater in the combi-
nation arm (35% versus 14%; p < 0.0001) (Table 2). Compared
with the monotherapy arm, the combination regimen re-



Table 1 - Efficacy of ixabepilone in metastatic breast cancer.

Single-agent Ixabepilone +
ixabepilone capecitabine
Patient population Tax®, Anth®, Cap® n =126 Tax® n=49° Anth®™ n = 6554 Tax® Anth™®® n = 375°f
Phase I II I III
Pretreatment characteristics 77% Visceral disease in liver All patients received >1 prior 77% at least two involved 84% visceral disease
and/or lung; 88% completed >2 taxane-based regimen (31% >2); disease sites (n =50) and/or involving the liver or lung;
prior chemotherapy regimens 98% received a taxane-based visceral metastases; (85%; n = 55). 93% >1 prior regimen for
for MBC (48% had >3 lines) regimen as most recent MBC 100% received >1 anthracycline- MBC; 85% progressed on prior
therapy; 73% progressed within containing regimen taxane therapy for MBC
1 month of last taxane dose
ORR (%) 11.58 12h 415" 420
Median DoR (mo) 5.7 10.4 8.2 6.4
SD (%) 50 41 35 41
Median PFS (mo) 3.1 2.2 438 5.3
Median OS (mo) 8.6 7.9 22.0 12.9

Anth, anthracycline; Cap, capecitabine; DoR, duration of response; MBC, metastatic breast cancer; ORR, objective response rate; OS, overall survival; Pre, pretreated; PFS, progression-free survival; R,

resistant; SD, stable disease; Tax, taxane.

a Resistance in metastatic setting was defined as progression within 8 weeks of last treatment; for adjuvant/neoadjuvant therapy (anthracyclines or taxanes) defined as recurrence within 6 months
of therapy completion.

b Resistance in metastatic setting was defined as progression during therapy or within 4 months of last treatment of docetaxel or paclitaxel; for adjuvant/neoadjuvant therapy defined as recurrence
within 6 months of taxane therapy completion. Taxane was to be the last prior treatment in all patients.

c Patients must have received prior anthracycline-based adjuvant regimen.

d Patients may have received a taxane as part of an adjuvant regimen provided that >1 year had elapsed since completion of treatment.

e Taxane resistance in metastatic setting was defined as tumour progression during treatment or within 4 months of last dose; for adjuvant/neoadjuvant therapy defined as recurrence within
12 months.

f Ixabepilone/capecitabine arm.

g IRF-assessed ORR based on 113 response evaluable patients.

h Investigator-assessed ORR.
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ER-positive subgroup

ER-negative subgroup® ER/PR/HER2-negative subgroup

Overall population

Ixabepilone/ Capecitabine Ixabepilone/ Capecitabine Ixabepilone/ Capecitabine
capecitabine

Capecitabine

Ixabepilone/

(n=178)

96)

capecitabine (n

199)

(n

capecitabine

(n=377)

capecitabine

(n=173)

91)

(n

(n =202)

(n = 375)

5.7 (5.16-6.90)

7.6 (6.70-8.64)
0.81 (0.64-1.03)

40

2.1 (1.45-2.83)

4.1 (3.35-4.37)
0.68 (0.50-0.93)

27

8 (2.1-3.4)

44 (41-5.6)

2 (3.8-4.5)

5.8 (5.5-7.0)

Median PFS (mo) (95% CI)

Hazard ratio (95% CI)

ORR (%)

0.65 (0.52-0.80)

30

0.75 (0.64-0.88)

35

19

10

14

ER, oestrogen receptor; CI, confidence interval; HER2, human epidermal growth factor receptor 2; PFS, progression-free survival; PR, progesterone receptor; ORR, objective response rate.

a Data include patients with documented ER-negative status (164/202, 161/199) and unknown ER status (38/202, 38/199) for the ixabepilone/capecitabine and capecitabine-only groups, respectively.

sulted in higher levels of grade 3/4 treatment-related sensory
neuropathy (20.8% versus 0%), fatigue (9% versus 3.3%), and
neutropaenia (68% versus 11%). Peripheral sensory neuropa-
thy was generally reversible. Capecitabine-related toxicities
were similar in both treatment groups.3* (Table 3).

A prospectively defined subgroup analysis of this trial was
conducted to evaluate the efficacy and safety of ixabepilone
plus capecitabine in patients with anthracycline-pretreated
or -resistant, and taxane-resistant, ER-negative MBC.% Kap-
lan-Meier methodology was used to estimate progression-
free survival and duration of response; the HR was estimated
using a stratified Cox proportional hazards model. Statistical
comparison between groups for objective response was per-
formed using the Cochran-Mantel-Haenszel test.

3. Results

3.1.  Efficacy and safety in patients with ER-negative
breast cancer

Of the 752 patients enrolled in the above phase III trial, 401
(53%) were found to have ER-negative tumours (Table 2). In
the subgroup analysis, patients were equally distributed be-
tween the ixabepilone plus capecitabine arm (n=202) and
the capecitabine monotherapy arm (n = 199). The ER-negative
subsets included patients with documented ER-negative sta-
tus (164/202; 161/199), unknown ER status (1/202; 0/199) or
ER status not reported (37/202; 38/199) for the ixabepilone plus
capecitabine and capecitabine-only groups, respectively.
Nearly all patients in the ER-negative subgroup were resistant
to taxanes.”’

In ER-negative patients, treatment with the combination
regimen significantly prolonged median PFS compared with
capecitabine alone (4.4 months versus 2.8 months) (Table 2).
The HR of 0.65 indicated that ixabepilone plus capecitabine
treatment was associated with a 35% reduction in risk of dis-
ease progression in patients with ER-negative tumours rela-
tive to the capecitabine monotherapy arm.>” The observed
magnitude of benefit in this ER-negative subset was higher
than in the total population (HR = 0.75). Combination therapy
with ixabepilone and capecitabine also increased the objec-
tive response rate (ORR) threefold compared with capecita-
bine alone in the ER-negative subgroup (30% versus 10%).
This effect was similar to the benefit seen in the total patient
population (35% versus 14%; p < 0.0001).%”

The safety profiles of ixabepilone/capecitabine and cape-
citabine alone were similar for the ER-negative subgroup
and for the overall population (Table 3). In the ER-negative
subgroup, the incidence of treatment-related grades 3 and 4
neutropaenia was higher in the combination arm (28.2% and
39.5%, respectively) than with capecitabine alone (8.2% and
1.5%) (Table 3). Grade 3/4 febrile neutropaenia was 3.5% in
the ixabepilone plus capecitabine arm. Two patients (1.0%)
in the combination therapy group had grade 5 febrile neutro-
paenia (i.e. experienced neutropaenia-related death).

Neuropathy, mainly sensory, was the most common treat-
ment-related non-haematologic adverse event noted with the
combination regimen. Grades 3 and 4 peripheral sensory neu-
ropathy occurred in 18.8% and 0.5% of ER-negative patients in
the combination arm, respectively.” The incidence was sim-
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ER-negative subgroup

Overall population

Capecitabine Ixabepilone/ Capecitabine

Ixabepilone/

monotherapy capecitabine monotherapy

capecitabine

(n =194)

(n=197)

(n=377)

(n =375)

Grade 4 Grade 3 Grade 4 Grade 3 Grade 4 Grade 3 Grade 4

Grade 3

Adverse event?®

Haematologic toxicity

Neutropaenia
Leucopaenia

16 (8.2) 3 (1.5)

77 (39.5)
28 (14.4)
1(0.5)°

55 (28.2)
85 (43.6)

33 (9)
17 (5)
2 (0.5)

133 (36)
60 (16)

116 (32)
150 (41)
13 (4)

10 (5.2)
1(0.5)

3 (0.8)

Febrile neutropaenia

Non-haematologic toxicity

1(0.5)

37 (18.8)
12 (6.1)

N/AC

3(0.8)

75 (20)
18 (5)
29 (8)
67 (18)

Peripheral sensory neuropathy
Peripheral motor neuropathy

Myalgia

1(0.3)

62 (17)

Hand-foot syndrome

CTCAE, common terminology criteria for adverse events; ER, oestrogen receptor.

a By patients’ worse CTCAE v.3.

b Two patients (1.0%) in the combination therapy group had grade 5 febrile neutropaenia.

¢ Data were not available at the time of this publication.

ilar in the overall population, 20.0% and 0.8%, respectively.**
Neuropathy was commonly observed, generally reversible,
and managed by dose reductions. Among the 342 patients
in the overall population who received at least two cycles of
ixabepilone plus capecitabine, 63 (18.4%) required an ixabepi-
lone dose reduction for management of peripheral neuropa-
thy.*” Patients received a 20% dose reduction upon
experiencing moderate (grade 2) events lasting more than
7 days, or severe (grade 3) events lasting less than 7 days.
Ixabepilone therapy was discontinued in cases of grade 3
peripheral neuropathy lasting longer than 7 days or any grade
4 event. Treatment was delayed if peripheral neuropathy did
not resolve to grade 1 or baseline, with a maximum allowed
treatment delay of 3 weeks.*> Median time to grade 3/4 neu-
ropathy symptom improvement (by at least one Common Ter-
minology Criteria for Adverse Events [CTCAE] grade) was
4.1 weeks. Median time to resolution of neuropathy to grade
1 or baseline was 6 weeks.?” Clinical data illustrate that ixab-
epilone was an effective and tolerable treatment option for
patients with MBC.

In particular, the magnitude of benefit linked with ixabepi-
lone exposure appears to be significantly higher in patients
with ER-negative disease, despite a generally dismal progno-
sis for this subgroup.

3.2.  Efficacy and safety in patients with ER/PR/HER2-
negative breast cancer

The ER/PR/HER2-negative subset was prospectively analyzed
in the phase III trial evaluating ixabepilone plus capecitabine
combination versus capecitabine alone (Table 2). Response
rates in the triple negative subgroup were 27% for ixabepilone
plus capecitabine versus 9% with capecitabine alone.?®*! The
PFS was 4.1 months for ixabepilone plus capecitabine versus
2.1months for capecitabine (HR =0.68).>%* The observed
magnitude of benefit of ixabepilone in this subset of patients
with poor prognosis tumours was similar to the benefit ob-
served in the total patient population (HR=0.75). Adverse
events with ixabepilone in combination with capecitabine
were similar in this subset of patients in comparison with
the total population, and they were manageable with dose
adjustments.*?

4, Discussion

Ixabepilone has proven activity in breast cancers that are
resistant to or refractory to commonly used chemotherapy
agents such as anthracyclines, taxanes and capecitabine.*?
This likely reflects not only the antitumour activity of ixabepi-
lone but also its low susceptibility to multiple tumour resis-
tance mechanisms, particularly those resulting in resistance
to taxanes. In October 2007, based on its demonstrated clini-
cal efficacy, ixabepilone was approved by the US Food and
Drug Administration (FDA) in combination with capecitabine
for the treatment of patients with metastatic or locally ad-
vanced breast cancer resistant to an anthracycline and a tax-
ane, and as monotherapy for the treatment of patients with
metastatic or locally advanced breast cancer resistant or
refractory to anthracyclines, taxanes and capecitabine. In
November 2008, however, the European Medicines Agency
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(EMEA)’s Committee for Medicinal Products for Human Use
(CHMP) expressed a concern that the benefits of ixabepilone
might not justify its risks in the patient populations who par-
ticipated in the studies.

The CHMP opinion was based on outcomes in the popula-
tion as a whole, which consisted of patients with extensive
disease who had undergone multiple rounds of previous che-
motherapy. Preliminary data suggest that ixabepilone may
demonstrate considerable efficacy in earlier lines of therapy
or in certain hard-to-treat subpopulations of breast cancer
patients. For example, the aforementioned neoadjuvant
phase II trial found that ER status is a significant factor re-
lated to the activity of ixabepilone, and retrospective analy-
ses of patient subsets in phase II monotherapy studies
showed that ixabepilone is active in ER-negative and ER/PR/
HER2-negative tumour subtypes. Herein, a review of a subset
analysis in a large phase III trial demonstrated that ixabepi-
lone plus capecitabine is more active than capecitabine alone
in MBC patients with ER-negative disease. Compared with
capecitabine monotherapy, the combination regimen pro-
duced a substantial (35%) reduction in risk of disease pro-
gression in ER-negative patients versus the 25% reduction
in risk of disease progression observed for the total patient
population.®® Toxicity profiles were similar between the ER-
negative subgroup and the overall population following treat-
ment with ixabepilone plus capecitabine, and the treatment-
related adverse events were generally manageable in both
groups.”” These results indicate that ixabepilone has signifi-
cant clinical activity in taxane-resistant MBC which is not
diminished with ER-negative or ER/PR/HER2-negative dis-
ease.’®*! Interestingly, in the ER/PR/HER2-negative subset of
patients, the combination regimen also produced a substan-
tial (32%) reduction in risk of disease progression, compared
with the 25% reduction observed for the total patient popula-
tion.3* Moreover, the marginal performance of capecitabine
alone in this population suggests that single-agent capecita-
bine may not be an efficacious choice for ER/PR/HER2-nega-
tive disease.

In conclusion, ixabepilone is an effective therapeutic op-
tion for patients with ER-negative or ER/PR/HER2-negative
MBC. The combination of ixabepilone and capecitabine is
clinically superior to capecitabine alone in patients with tax-
ane-sensitive or taxane-resistant ER-negative tumours. Of
note, the magnitude of benefit in the patient subsets with
unfavourable prognosis was comparable to that of the total
population. These results warrant further studies in the adju-
vant setting to determine the efficacy and safety of ixabepi-
lone in patients with ER-negative and ER/PR/HER2-negative
breast cancer.**
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