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Abstract
Purpose To establish the maximum tolerated dose (MTD),
dose-limiting toxicity (DLT), safety and recommended
Phase II dose of ixabepilone, administered weekly as an
intravenous (IV) infusion to patients with solid tumors who
have failed standard therapy.
Method This was an open-label, single-arm, Phase I,
dose-escalation study.
Results The MTD of ixabepilone [30-min, weekly IV infu-
sion on a 21-day schedule (N = 33)] was established at
25 mg/m2. Grade 3 fatigue was the DLT in 2/4 patients
treated at 30 mg/m2. Ixabepilone was well tolerated at the
MTD. Myelosuppression was rare, with no Grade 3/4 neutro-
penia. Due to the potential for cumulative neurotoxicity, the
protocol was amended to a 1-h infusion, weekly for 3 weeks
with a 1-week break. No DLT occurred at starting doses of
15, 20 and 25 mg/m2 on this modiWed schedule (N = 51),
although overall toxicity was less at 15 and 20 mg/m2 than
25 mg/m2. Five patients (2 on the 30-min/21-day schedule
and 3 on the 60-min/28-day schedule) achieved durable
objective partial responses across a variety of tumor types.
Conclusions Ixabepilone had an acceptable safety proWle
at the MTD of 25 mg/m2 (as a 30-min weekly infusion on a
continuous 21-day schedule) and at 20 mg/m2 (as a 1-h

weekly infusion on a modiWed 28-day schedule). The clinical
activity and acceptable tolerability proWle warrant further
single- or combination-agent evaluation.

Keywords Ixabepilone · Dose-Wnding · Solid tumors · 
Weekly schedule

Introduction

Resistance to chemotherapy is a signiWcant problem that
limits the eVectiveness of current cancer treatments. Resis-
tance may either be primary, or acquired after continued
exposure to chemotherapeutic agents. It is, therefore, of
great interest to identify new agents that can avoid key
mechanisms of resistance. The epothilones and their ana-
logs are a novel class of anti-neoplastic agents, derived
from the myxobacterium Sorangium cellulosum. These
macrolide antibiotics promote tumor cell death by causing
cell cycle arrest at the G2/M phase, inducing apoptosis [3],
and have a tubulin-binding mode distinct from that of the
taxanes. Ixabepilone is an epothilone B analog with high
microtubule-stabilizing activity [9]. Ixabepilone demon-
strates low susceptibility to the drug eZux proteins P-
glycoprotein (P-gp) and multidrug-resistance-associated
protein-1 (MRP1) [17], and to mechanisms involved in
acquired and primary chemotherapy drug resistance to
other microtubule-targeting agents, including tubulin muta-
tions and �III-tubulin isoform overexpression [8, 9]. In sev-
eral clinical trials, ixabepilone has demonstrated feasibility
and a manageable safety proWle in patients with metastatic
breast cancer and other tumors at multiple dosing and
schedule options [2, 7, 13], including 6 mg/m2 for 5 days
every 3 weeks [1, 5, 12], 10 mg/m2 for 3 days every
3 weeks [18], and 40 mg/m2 every 3 weeks [15, 16].
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This Phase I dose-escalation study was performed to
establish the maximum tolerated dose (MTD), dose-limit-
ing toxicity (DLT), safety, and a recommended Phase II
dose of ixabepilone, when administered weekly as an intra-
venous (IV) infusion to patients with tumors refractory to
standard therapy, or for which there is no standard therapy.
Secondary objectives included characterization of the bio-
availability of oral ixabepilone as both a suspension and
solution. The plasma pharmacokinetics and pharmacody-
namics of both oral and IV ixabepilone were also evalu-
ated. Any preliminary evidence of antitumor activity was
carefully documented.

Patients and methods

Study design and treatment

In this open-label, single-arm, Phase I, dose-escalation
study, ixabepilone was initially administered weekly as a
30-min IV infusion on a continuous 21-day cycle (hereafter
referred to as the 30-min/21-day schedule). The starting
dose was ixabepilone 1 mg/m2, as it corresponded to 20%
of the dose that was severely toxic to 10% of rats (STD10)
in the preclinical studies. Due to the occurrence of neuro-
toxicity in other trials of ixabepilone [15, 16], the infusion
time was increased from 30 min to 1 h, and the schedule
was modiWed to include a 1-week break in therapy. For the
patients treated on this modiWed 28-day schedule (hereafter
referred to as the 60-min/28-day schedule), one cycle was
deWned as 4 weeks and consisted of three weekly IV doses
(on days 1, 8, and 15) followed by a 1-week rest period (i.e.
the Wrst administration of the next cycle was on day 29).
Pre-medication was not required unless patients had experi-
enced a hypersensitivity reaction (HR) with a prior ixabepi-
lone dose, or if 2 patients experienced ¸ Grade 2 HRs. In
the event of HR, the investigator and the sponsor selected
an appropriate pre-medication regimen (consisting of H1/
H2 blockers and/or dexamethasone) for subsequent cycles
of therapy, based on the type and severity of the HR and
premedication guidelines.

An initial, accelerated dose-escalation phase was fol-
lowed by a standard dose-escalation phase. During the
accelerated phase, dose levels were 1, 2.5 mg/m2, then
100% increments. Cohorts of ¸3 patients were treated at
each dose level and observed for ¸3 weeks (one cycle) of
IV treatment prior to opening the next dose level for enroll-
ment. In the standard phase, dose escalation was altered
according to a modiWed Fibonacci scheme. The Wrst patient
treated at each new dose level was followed for ¸3 weeks
of IV treatment prior to enrolling/treating two more patients
at that dose level. If none of the three patients experienced
DLT, the next cohort started one dose level higher. If one

patient experienced DLT, ·3 additional patients were
enrolled. At each new dose level, three patients were
enrolled. The maximum administered dose (MAD) was to
be the dose level at which at least 2/6 patients experienced
DLT during the Wrst course of treatment. Once MAD was
deWned, there was no further dose escalation, and a dose
level below the MAD was considered the MTD. A maxi-
mum of 15 patients were treated at the MTD to conWrm that
it was a suitable recommended dose for future Phase II clin-
ical trials of ixabepilone. During the accelerated and stan-
dard phases, intrapatient dose escalation was allowed after
two courses. Patients continued on ixabepilone until disease
progression or unacceptable toxicity.

When toxicity was observed (deWned as the Wrst instance
of DLT or two instances of toxicity of CTC Grade ¸ 2), the
accelerated dose escalation phase was terminated, and the
standard phase was begun. DLT was deWned as any of the
following events which were attributed to IV ixabepilone
and occurred during the Wrst treatment cycle: Grade 4 neu-
tropenia [absolute neutrophil count (ANC) <500 cells/mm3]
for ¸5 consecutive days or febrile neutropenia (fever
¸38.5°C and ANC <1,000 cells/mm3); thrombocytopenia
<25,000 platelets/mm3 or bleeding episode requiring plate-
let transfusion; ¸Grade 3 nausea and/or vomiting, despite
medical intervention and/or prophylaxis; any other ¸Grade
3 non-hematologic toxicity (except Grade 3 injection-site
reaction); or a failure to readminister ixabepilone within
14 days of the last IV dose, due to delayed recovery from a
treatment-related toxicity.

This study also assessed the absolute oral bioavailability
of ixabepilone. Starting at the 20 mg/m2 dose level, patients
received an additional single oral dose of ixabepilone solu-
tion or suspension 6 days prior to the Wrst cycle. The oral
suspension was given as either a micronized or nonmicron-
ized suspension at a Wxed total dose of 50 mg. Any DLT
observed following ixabepilone oral dosing was not consid-
ered in deWning MTD for the IV regimen.

Eligibility

Male and female patients were aged ¸18 years, with a life
expectancy of ¸3 months and a diagnosis of histologically
or cytologically conWrmed solid tumor for which standard
therapy had failed or no known eVective treatment existed.
Inclusion criteria included: ¸4 weeks since the last use of
chemotherapy (6 weeks for nitrosoureas and mitomycin-C),
immunotherapy, hormonal therapy or radiotherapy (the latter
involving ·25% of the bone marrow-containing skeleton);
adequate hematologic function (ANC ¸ 2,000 cells/mm3;
platelets > 100,000/mm3); an Eastern Cooperative Oncology
Group (ECOG) performance status of 0–2; and adequate
hepatic [total bilirubin · 1.5 mg/dL, alanine aminotransfer-
ase and aspartate aminotransferase · 2.5 £ upper limit
123
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of normal (ULN)] and renal (serum creatinine · 1.5 £ ULN)
function. All patients provided written, informed consent.

Key exclusion criteria included: >2 prior chemotherapy
regimens in the metastatic setting and/or >2 prior adjuvant/
neoadjuvant chemotherapy regimens; pregnancy/breast-feed-
ing/ineVective birth control; pre-existing peripheral neuropa-
thy [>Grade 1 by Common Toxicity Criteria (CTC) version
2] due to any cause; active brain metastases; history of HIV
infection; documented HR to prior paclitaxel or other therapy
containing Cremophor® EL; and treatment with any investi-
gational agents ·4 weeks prior to study medication.

Pharmacokinetic assessments

Blood samples for assessment of ixabepilone pharmacoki-
netic parameters were collected pre-dose and at regular
intervals for up to 72 h after administration (00:15, 00:30,
00:45, 01:00, 01:30, 02:00, 03:00, 04:00, 06:00, 08:00,
24:00, 48:00, 72:00 h:min). Plasma was stored at ¡20°C
for pharmacokinetic assessment by a validated liquid
chromatography/mass spectrometry/mass spectrometry
(LC/MS/MS) method described previously [6]. The follow-
ing pharmacokinetic values were determined for ixabepi-
lone IV infusion and oral dosing: maximum plasma
concentration (Cmax); area under the plasma concentration
versus time curve (AUC) and plasma terminal half-life (t1/2).

Pharmacodynamic assessments

Blood samples for assessment of pharmacodynamic param-
eters were collected pre-dose. Post-dose samples were col-
lected at 00:30, 06:00, and 24:00 (h:min) after oral
administration and after start of the 30-min infusion, and at
01:00, 02:58, 24:00, and 48:00 (h:min) after the start of the
1-h infusion. The peripheral blood mononuclear cell
(PBMC) pellets were stored at ¡70 to ¡80°C until pharma-
codynamic analysis. The PBMC preparations were lysed,
and the amount of tubulin in the unpolymerized versus the
polymerized form was determined by Western blot analysis.

Safety assessments

Toxicity was evaluated continuously, and laboratory tests
(hematology and serum chemistry) were performed weekly.
Patients were included in the safety analysis if they had
received ¸1 oral or IV dose of ixabepilone. Safety was
assessed through medical review of adverse events (AEs),
physical examination and clinical laboratory data. Adverse
events were assessed on the basis of the worst grade on
study according to CTC Version 2.0. Treatment was
delayed by 1 week for patients with ANC <1,500 cells/
mm3, platelet count <100,000 cells/mm3, ALT and AST
>2.5 £ ULN, or serum creatinine >1.5 £ ULN. Any

treatment-related toxicity had to be resolved to baseline or
Grade 1 (except alopecia) prior to retreatment.

EYcacy assessments

Tumor evaluations were performed every 6 weeks for
patients treated on the 30-min/21-day schedule and every
8 weeks for patients treated on the 60-min/28-day schedule.
All patients who received ¸1 IV or oral dose of ixabepilone
had their response classiWed by the investigator and medi-
cal monitor, according to the Response Evaluation Criteria
in Solid Tumors (RECIST).

Statistical methods

Safety and eYcacy data were analyzed for all treated patients
(patients who received ¸1 IV or oral dose of ixabepilone).
Descriptive statistics were employed in the analysis of all
safety and laboratory observations. Pharmacokinetic analyses
included all patients for whom adequate concentration versus
time data were available. Pharmacodynamic data were ana-
lyzed in all patients with percent polymerized tubulin data
available at baseline and at least one post-dose timepoint.
Pharmacokinetic and pharmacodynamic data were summa-
rized separately for patients who received 30-minute IV
infusions versus patients receiving 1-h infusions, and those
receiving oral solution or suspension doses. All pharmacoki-
netic and pharmacodynamic data were analyzed using SAS/
STAT® Version 8.2 software, and summary statistics tabu-
lated by dose, route of administration and duration of infusion.

Ethical considerations

The study protocol was approved by local ethics commit-
tees and the study was conducted in accordance with the
US Food and Drug Administration, the International Con-
ference on Harmonization Guidelines for Good Clinical
Practice and the Declaration of Helsinki.

Results

Patients

Eighty-seven patients were enrolled at two study centers:
one in Belgium and one in the USA. Of these, 86 patients
were treated: 34 on the 30-min/21-day schedule and 52 on
the 60-min/28-day schedule. The median age of the study
population was 55 years. Nearly all patients (88%) had
received prior chemotherapy, and 56% of patients on the
30-min/21-day schedule and 46% on the 60-min/28-day
schedule had received ¸2 prior chemotherapy regimens
(Table 1). The numbers of patients included in each dose
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cohort on the ixabepilone 30-min/21-day and 60-min/28-
day dosing schedules are summarized in Table 2.

Safety

Determination of maximum tolerated intravenous dose

During the study, 43 patients (20 on the 30-min/21 day
schedule and 23 on the 60-min/28-day schedule) each
received a single oral dose of ixabepilone on day-6. The trial
was prospectively designed such that the administration of
one oral dose on day-6 was not likely to aVect overall toxicity
associated with the IV regimen. DLTs observed following
oral dosing were not considered in deWning MTD for the IV
regimen. Two patients received oral ixabepilone only, with-
out an IV dose, and were excluded from the DLT analysis.

At the 30 mg/m2 dose, Grade 3 fatigue was the DLT in
2/4 patients during the Wrst cycle. Both patients also had
Grade 1/2 anemia at baseline that did not worsen during the
Wrst treatment cycle. The MTD, therefore, was established
as 25 mg/m2 IV. This dose cohort was expanded to a total
of 12 patients without further occurrence of DLT during the
Wrst cycle. None of the patients treated at doses ·25 mg/m2

experienced DLT.
Although neurotoxicity was not considered to be a DLT

event in cycle one, the increase in the severity of sensory
neuropathy with repeated exposure prompted the initiation
of the modiWed 60-min/28-day schedule, which consisted
of 3 weekly 1-h IV doses (on days 1, 8 and 15) followed by
a 1-week rest period. The starting dose on this amended
schedule was initially 25 mg/m2 § oral dose (the MTD
identiWed on the 30-min/21-day schedule), but was reduced
to 20 or 15 mg/m2 (§oral dose), because of cumulative
neurotoxicity observed in patients enrolled at 25 mg/m2. No
DLT was observed in the 51 patients treated with any of the
three starting doses during Cycle 1 of the modiWed 60-min/
28-day schedule.

Table 1 Baseline demographics and characteristics of patients with
advanced solid tumors treated with ixabepilone

Characteristic Number of patients (%)

Ixabepilone

30-min/21-day 
schedule

60-min/28-day 
schedule

N = 34 N = 52

Age (years)

Median 55 55

Range 30–73 33–79

<65 27 (79) 44 (85)

¸65 7 (21) 8 (15)

Ethnicity

Caucasian 33 (97) 50 (96)

Black 1 (3) –

Asian/PaciWc Islanders – 1 (2)

Hispanic/Latino – 1 (2)

ECOG performance status

0 5 (15) 10 (19)

1 25 (74) 34 (65)

2 4 (12) 6 (12)

Not reported – 2 (4)

Prior chemotherapy 30 (88) 46 (88)

Prior hormonal/
immunotherapy

10 (29) 16 (31)

Prior radiotherapy 20 (59) 25 (48)

Prior surgery 34 (100) 51 (98)

Number of prior chemotherapy regimens

0 4 (12) 6 (12)

1 11 (32) 22 (42)

2 10 (29) 20 (39)

3 8 (24) 1 (2)

4 1 (3) 3 (6)

Table 2 Ixabepilone dose cohorts

a Ixabepilone administered as a 30-min infusion on days 1, 8 and 15
every 3 weeks (1 cycle = 3 weeks)
b One patient received a single oral dose (solution or suspension) of
ixabepilone only
c Ixabepilone administered as a 1-h infusion on days 1, 8 and 15 every
4 weeks followed by a 1-week break (1 cycle = 4 weeks)
d Fixed total dose of 50 mg

Dose cohort Number (%) 
of treated 
patients

Number 
of cycles 
administered

N = 86

30-min/21-day schedulea

Oral solution only 1 (1.2)b 1

1 mg/m2 4 (4.7) 8

2.5 mg/m2 4 (4.7) 16

5 mg/m2 3 (3.5) 4

10 mg/m2 3 (3.5) 9

20 mg/m2 + oral solution 3 (3.5) 17

25 mg/m2 + oral solution 12 (14.0) 49

30 mg/m2 + oral solution 4 (4.7) 11

60-min/28-day schedulec

Oral suspension onlyd 1 (1.2)b 1

15 mg/m2 9 (10.5) 22

20 mg/m2 10 (11.6) 30

20 mg/m2 + oral solution 2 (2.3) 9

20 mg/m2 + oral suspensiond 3 (3.5) 10

25 mg/m2 10 (11.6) 22

25 mg/m2 + oral solution 4 (4.7) 15

25 mg/m2 + oral suspensiond 13 (15.1) 51
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Adverse events with intravenous ixabepilone

Adverse events were generally mild to moderate (Grade
1/2), irrespective of their assumed relationship to IV ixabepi-
lone treatment. Overall, ixabepilone had an acceptable
safety proWle at the MTD of 25 mg/m2 on the 30-min/21-
day schedule and at 20 and 15 mg/m2 on the 60-min/28-day
schedule. With all three regimens, severe non-hematologic
and hematologic toxicities were rare, HRs were largely mit-
igated by premedication and there were no dose interrup-
tions or discontinuations due to hypersensitivity. Common
toxicities associated with other cytotoxic agents (e.g., nau-
sea, vomiting, stomatitis, mucositis and diarrhea) were gen-
erally of mild to moderate severity, and all patient deaths
were attributed to disease progression. Myelosuppression
of any type was uncommon on both schedules.

30-min/21-day schedule At the MTD of 25 mg/m2 on the
30-min/21-day schedule, no patients developed Grade 3/4
neutropenia. Sensory neuropathy was mostly Grade 1/2
[occurring in 7 (58%) patients], with Grade 3 neuropathy
observed in only 1/12 (8%) patients. In those patients with
neuropathy, its severity typically increased cumulatively
with repeated exposure. Dose-limiting fatigue was noted at
30 mg/m2, and was of Grade 3 severity in 3/12 (25%)
patients at the MTD. Two patients on this schedule experi-
enced severe HRs in the absence of premedication with H1
and H2 blockers. The Wrst, receiving 1 mg/m2, had a Grade 3

bronchospasm that led to interruption of the Wrst IV dose,
which was not completed. Despite premedication with anti-
histamine, a similar reaction occurred after administration
of the second dose, and the patient discontinued treatment.
The second, receiving 5 mg/m2, experienced Grade 4 ana-
phylaxis during the third weekly dose on Cycle 1. After
premedication with antihistamine and dexamethasone, this
patient completed Cycle 1 and all three doses of Cycle 2
with no further HRs. Following these two HRs, all patients
subsequently enrolled received premedication with oral H1
and H2 blockers, as speciWed in the study protocol and no
further HRs were observed. Grade 3/4 treatment-related
AEs in patients on the ixabepilone 30-min/21-day schedule
are summarized in Table 3. Treatment delays occurred in
12 patients (36%) on the 21-day cycle. Most treatment
delays lasted ·8 days. No delays met the criteria for DLTs.

60-min/28-day schedule Due to relatively high rates of
sensory neuropathy observed in this schedule at the 25 mg/m2

dose (Table 3), the starting dose on the 60-min/28-day
schedule was reduced to 20 or 15 mg/m2. Overall, toxicity
was generally less at 20 mg/m2 than at 25 mg/m2, with the
most notable being Grade 3/4 sensory neuropathy (7 vs
19%, respectively); the only Grade 4 case occurred at the
25 mg/m2 dose level. As with the 30-min/21-day dosing
schedule, the severity of neuropathy increased cumulatively
with repeated exposure. Grade 1/2 sensory neuropathy was
seen in 27 (53%) of patients on this schedule. Grade 3

Table 3 Number (%) of patient with grade 3/4 adverse events, ixabepilone 30 min/21, and 60-min/28-day schedules, all treated patients

SOL solution, SUSP suspension

Dose cohort 
(mg/m2)

No. of 
patients

Sensory 
neuropathy

Fatigue Myalgia Arthralgia Diarrhea Vomiting Nausea Stomatitis Mucositis Neutropenia

30-min/21-day schedule

1 4 – – – – – – – – – –

2.5 4 – 1 (25) – – – – – – – –

5 3 – – – – – – – – – –

10 3 – – – – – – – – – –

20 + SOL 3 1 (33) – 2 (67) 1 (33) – – – – – –

25 + SOL 12 1 (8) 3 (25) 2 (17) 2 (17) 1 (8) – – – – –

30 + SOL 4 1 (25) 3 (75) – – – – – – – 2 (50)

All dose cohorts 33 3 (9) 7 (21) 4 (12) 3 (9) 1 (3) – – – – 2 (6)

60-min/28-day schedule

15 9 1 (11) 1 (11) – – – – – – – 2 (22)

20 10 1 (10) 4 (40) – – – – – – – 2 (20)

20 + SOL 2 – – – – – 1 (50) – 1 (50) – –

20 + SUSP 3 – – – – – – – – – –

25 10 1 (10) – – – – – – – –

25 + SOL 4 1 (25) 1 (25) – – – – – – – 1 (25)

25 + SUSP 13 3 (23) – – 1 (8) 1 (8) 1 (8) – – 1 (8)

All dose cohorts 51 7 (14) 6 (12) – – 1 (2) 2 (4) 1 (2) 1 (2) – 6 (12)
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neutropenia was seen in 2/15 (13%) patients at the 20 mg/m2

dose level, but no patients experienced Grade 4 neutrope-
nia. Ixabepilone was also well tolerated at the 15 mg/m2

dose on this schedule, with 2/9 (22%) patients experiencing
severe adverse events (1 with sensory neuropathy and 1
with fatigue, both Grade 3). Treatment-related fatigue was
generally mild-to-moderate at all doses, although Grade 3
fatigue occurred in ten (20%) patients.

One patient on the 60-min/28-day schedule (receiving
25 mg/m2) experienced a Grade 3 hypersensitivity reaction
(HR) characterized by hot Xash, abdominal cramps, and
sweating Xushing during the second weekly dose of Cycle
1. Following premedication with H1/H2 blockers and dexa-
methasone, the patient received the scheduled dose 2 days
later, and remained on study. No further HRs were
reported. Grade 3/4 treatment-related AEs in patients on the
ixabepilone 60-min/28-day schedule are summarized in
Table 3. Sixteen patients (31%) on the 28-day cycle had
treatment delays lasting for ·8 days; none met the criteria
for DLTs.

Adverse events with oral ixabepilone

Overall, oral administration of ixabepilone was well toler-
ated. Patients who received oral ixabepilone experienced
few treatment-related AEs/laboratory abnormalities, and no
hypersensitivity reactions were reported during the oral
dose period. Two patients were discontinued after receiving
oral ixabepilone and prior to receiving their Wrst IV dose for
reasons other than toxicity [one because of a concurrent
disease (herpetic esophagitis) and one for progressive
disease].

EYcacy of intravenous ixabepilone

Five patients (2 on the 30-min/21-day schedule at the MTD
of 25 mg/m2 and 3 on the 60-min/28-day schedule at 20 or
25 mg/m2) achieved durable objective partial responses
across a variety of tumor types. All of the responders had
failed multiple prior therapies, including three patients who
had previously been treated with a taxane (Table 4).

Pharmacokinetics and oral bioavailability of ixabepilone

The mean plasma concentration–time proWles of ixabepi-
lone following 30-min and 1-h IV infusion and oral admin-
istration are presented in Fig. 1. Overall, the geometric
mean Cmax and AUC1 for ixabepilone appeared to increase
approximately proportionally to dose following IV admin-
istration. However, due to the small sample size in the dose
groups other than 25 mg/m2, this interpretation should be
viewed with caution. The estimated geometric mean for the
absolute bioavailability (F) of oral solution was 41.3% T
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[coeYcient of variance (CV) = 43%] across the three stud-
ied doses versus 36.6% (CV = 46%) for the oral suspen-
sion. The variability of exposure to ixabepilone following
oral administration appeared to be greater than that following
IV administration. Although the t1/2 appeared to be lower in
the 5 mg/m2 30-min IV infusion group compared with all
other groups, this was because the plasma concentrations of

ixabepilone in these patients were only quantiWable through
24 h. Calculation of pharmacokinetic parameters for ixab-
epilone without a full concentration-time proWle up to 72 h
tended to underestimate t1/2, as well as AUC.

Pharmacodynamics of ixabepilone

The percent polymerized tubulin values in PBMCs
increased from baseline within an hour of ixabepilone
administration for most doses across IV and oral adminis-
tration methods. For example, increases in tubulin polymer-
ization relative to baseline were 19% for the 25 mg/m2 IV
30-min cohort after 0.5 h, 24% for the 25 mg/m2 IV 1-h
cohort after 1 h, 11% for the 25 mg oral solution cohort
after 0.5 h and 10% for the 50 mg oral suspension cohort
after 0.5 h. In several cases, values remained above base-
line up to 24 h later.

Discussion

Resistance to multiple chemotherapies is a major problem
in a wide range of tumor types; hence, development of
agents less susceptible to mechanisms that enable tumor
progression could provide clinical beneWt in many disease
settings. Ixabepilone, was, therefore, a promising candidate
for evaluation in patients with tumors that had failed prior
therapy, due to its reduced susceptibility to several key
mechanisms of tumor drug resistance [8, 9, 17]. Treatment
with ixabepilone has demonstrated feasibility and a favor-
able safety proWle in metastatic breast cancer and other
tumor types, at diVerent dosing and schedule options [1, 5–
7, 11, 15, 18], such as the 40 mg/m2 every 3 weeks sched-
ule, now approved by the Food and Drug Administration as
monotherapy for the treatment of patients with metastatic
breast cancer resistant or refractory to anthracyclines, tax-
anes, and capecitabine, or in combination with capecitabine
in patients with resistance to anthracyclines and taxanes.
Other ixabepilone schedules that have been evaluated
in clinical trials include 6 mg/m2 for 5 days every 3 weeks
[1, 12], 10 mg/m2 for 3 days every 3 weeks [18], and
20 mg/m2 weekly £ 3 every 4 weeks [4].

There is considerable interest in an alternative weekly
administration of ixabepilone, particularly as prior results
in breast cancer show greater clinical beneWt with weekly
paclitaxel than the 3-weekly schedule [14]. In agreement
with the study reported here, other weekly schedules of
ixabepilone including 2.5–30 mg/m2 IV over 1 h weekly in
a 4-week cycle (without a built-in rest period) [7] and
20 mg/m2 IV over 1 h weekly £ 3 every 28 days [4, 10]
have demonstrated feasibility and a favorable safety proWle
in patients with breast and prostate cancer, and other
advanced solid malignancies. However, until results of

Fig. 1 Mean plasma concentration-time proWles of ixabepilone fol-
lowing (a) 30-min and (b) 1-h IV infusion and (c) oral administration
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comparative studies are available, no conclusions can be
made regarding the relative beneWt of the weekly schedule.
Several randomized phase two studies are planned or ongo-
ing which will better address the relative merits of the
weekly schedule versus the FDA approved regimen of
40 mg/m2 every 21 days.

During the dose-escalation phase of this trial in patients
with advanced solid tumors who had failed standard ther-
apy, ixabepilone was administered as a weekly 30-min IV
infusion at doses of 1, 2.5, 5, 10, 20, 25, and 30 mg/m2 on
a 21-day schedule. The MTD was established at 25 mg/m2

on this dosing schedule. Overall, administration of ixab-
epilone was well tolerated when administered weekly on
this 30-min/21-day schedule; myelosuppression of any
type was rare and none of the patients treated at the MTD
developed Grade 3/4 neutropenia. Although cumulative
neurotoxicity was not a DLT (deWned as toxicities occur-
ring during cycle 1) in this Phase I trial, in view of data
from other clinical trials [15, 16] the 30-min/21-day
administration schedule was modiWed to a weekly, 60-min
IV infusion including a 1-week break, with the aim of
reducing the incidence of neurotoxicity. Two Phase II tri-
als have shown that switching from ixabepilone 50 mg/m2

Q3 W infused over 1 h to 50 mg/m2 over 3 h Q3 W led to
a reduction in the peripheral sensory neuropathy observed
[15, 16]. Grade 3/4 peripheral sensory neuropathy was
noted in 42% of patients receiving ixabepilone 50 mg/m2

over 1 h, compared with 22% of those who received an
infusion of ixabepilone 50 mg/m2 over 3 h in the trial by
Roché et al. In the study by Thomas et al., grade 3/4
peripheral sensory neuropathy occurred in 38 and 12% of
patients in the 50 mg/m2 over 1 h and 40 mg/m2 over 3 h
groups, respectively [16].

When patients were treated with the modiWed 60-min/
28-day schedule at 25 mg/m2 (the MTD identiWed on the
30-min/21-day schedule), the rate of Grade 3/4 sensory
neuropathy was 14%. The starting dose of ixabepilone was
reduced to 20 or 15 mg/m2 on the 60-min/28-day schedule;
neurotoxicity was reduced on the 60-min/28-day schedule
following these dose adjustments.

Durable partial responses to ixabepilone were achieved
in this study in a range of tumor types. Responders had
received ixabepilone on the 30-min/21-day schedule at the
MTD (25 mg/m2) or on the 60-min/28-day schedule at 20
or 25 mg/m2. All Wve responders had failed multiple prior
therapies, including taxanes (3 patients). Consistently, in
other Phase I single-agent trials with ixabepilone adminis-
tered at diVerent doses and schedules, antitumor activity
has been demonstrated in a broad range of tumor types,
including pretreated tumors or those regarded as diYcult to
treat [2, 5, 7, 11, 13]. The eYcacy of ixabepilone in tumor
types considered diYcult to treat may be explained by
the high anti-microtubule activity of ixabepilone and its

reduced susceptibility to common mechanisms of chemo-
therapy resistance that limit the activity of other microtu-
bule inhibitors such as the taxanes [8, 9, 17].

Taken together, the safety and preliminary eYcacy
results of this study suggest that both the 25 mg/m2 30-min/
21 day schedule and the 20 mg/m2 60 min/28-day schedule
are suitable for further exploration in Phase II clinical trials,
although it should be noted that patients treated with the lat-
ter remained on-study longer than patients treated with the
former, receiving a median of three versus two cycles,
respectively.

This was the Wrst clinical trial to evaluate the oral bio-
availability of ixabepilone. The trial was prospectively
designed such that the oral dose of 50 mg administered on
day-6 was not likely to aVect overall toxicity associated
with IV ixabepilone. The absorbed oral dose was about half
the MTD. The variability of ixabepilone exposure resulting
from the administration of ixabepilone oral solution and
suspension was found to be greater than that for IV admin-
istration. Further investigations into the use of oral ixabepi-
lone will be required, and are currently ongoing.

In conclusion, this Phase I study demonstrated that ixab-
epilone had an acceptable safety proWle at the MTD of
25 mg/m2 administered as a 30-min weekly infusion on a
continuous 21-day schedule, and at 20 mg/m2 administered
as a 1-h weekly infusion on a modiWed 28-day schedule,
suggesting that these regimens are suitable for Phase II
studies. Durable objective responses were reported for
patients with a variety of tumor types and in several
patients who had previously failed taxane therapy. These
data support the continued clinical development of ixabepi-
lone administered on a weekly IV regimen.
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