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Abstract

Purpose: Ixabepilone (Ixempra®; BMS-247550) is an epothilone B analog and non-taxane
microtubule-stabilizing compound with clinical activity in a range of solid tumors. This phase Il
study was conducted to assess the efficacy and safety of ixabepilone in patients with metastatic
renal cell carcinoma (mRCC).

Experimental Design: Patients with mRCC who had measurable disease and had not received
prior cytotoxic or targeted therapy were treated with 6 mg/m? ixabepilone intravenously daily for 5
days every 3 weeks. Levels of glu-terminated and acetylated - tubulin, markers of microtubule
stabilization, were assessed by Western blot. VHL gene mutation status was determined by
sequencing.

Results: Eighty-seven patients received a total of 590 cycles with a median of 5 cycles (range
1-29). The overall response rate was 13% (RECIST). One patient had a complete response, 10
patients had partial responses, and 59 patients had stable disease. The median duration of response
was 5.5 months. The median overall survival (OS) of RCC Motzer grade 0 and 1 patients with
clear cell histology was 19.25 months. Treatment-related adverse events were primarily alopecia,
gastrointestinal toxicity, neuropathy and fatigue. Biopsies were performed at baseline and after
five doses of ixabepilone. Microtubule target engagement was achieved in 84.6 to 92.3 percent of
patients evaluated. No correlation was identified between the target engagement, VHL gene
mutation status and clinical response.
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Conclusion: Ixabepilone can cause tumor regression in some patients with mRCC and could be
considered in combination regimens with other therapies.

Condensed abstract:

A phase Il study in 87 patients with mRCC was conducted to assess the efficacy and safety of
Ixabepilone (Ixempra®), an epothilone B analog and non-taxane microtubule-stabilizing
compound. Ixabepilone caused tumor regression in some patients with mRCC and could be
considered in combination regimens with other therapies.
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INTRODUCTION

In 2007 in the United States, approximately 51,000 people had a diagnosis of renal cell
carcinoma (RCC) and almost 13,000 died from metastatic RCC (mRCC) 1. The incidence of
RCC has increased over time 24, Historically, no single “cytotoxic” agent or combination
has consistently produced responses that justify their routine use in this group >8. For the
past twenty years, prior to the approval of “targeted” therapies, interleukin-2 (IL-2) and
interferon-alpha (IFN-a.), alone or in combination have been the main treatments for mRCC.
Response rates with these cytokines are low (5 to 20%) and median OS is approximately
12.0 to 17.5 months 712, More recently tumor responses have been reported with sorafenib
(Nexavar® Bayer, Westhaven, CT), sunitinib (Sutent®, Pfizer, NY, NY), temsirolimus
(Torisel®, Wyeth, Philadelphia, PA), and everolimus (Affinitor®, Novartis ) with increases in
progression free survival (PFS) and or with modest improvement of overall survival
11,13-15 However, because none of these therapies can be considered curative, there
remains a need to develop alternative strategies.

Ixabepilone is a semisynthetic analog of the natural product, epothilone B, a member of a
novel class of non-taxane microtubule stabilizing agents. It exerts anti-proliferative effects
by binding tubulin and stabilizing microtubules, effecting mitotic arrest and also impairs
microtubule trafficking 16-18, Epothilones are poor substrates for P-glycoprotein and exhibit
activity in paclitaxel-resistant cell lines and paclitaxel-resistant tumor models 16 19-21 A
prior phase | study established ixabepilone administered at a dose of 6 mg/m? for 5
consecutive days every 3 weeks as the recommended phase 1l dose (RPTD). Neutropenia
was dose limiting. Peripheral neuropathy was mild, even after multiple cycles of therapy and
was not dose limiting22. Because of encouraging results and tolerable toxicity profiles in
these phase | studies, this phase Il trial was initiated to determine the efficacy and safety of
ixabepilone in patients with mRCC.
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PATIENTS AND METHODS

Eligibility

Eligible patients had to be > 18 years, with histologically or cytologically proven RCC (clear
cell, papillary, chromophobe, collecting duct and medullary), and disease that could be
evaluated by RECIST (response evaluation criteria in solid tumor) 23. Additional criteria for
entry included an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of
0 - 2; a life expectancy of at least 3 months; adequate bone marrow (ANC > 1.5 x 10%/L and
platelet count > 100 x 10%/L), hepatic and renal function. Exclusion criteria included prior
chemotherapy. Of note, enrollment began in 2002, several years before either sorafenib
(Nexavar® Bayer, Westhaven, CT), sunitinib (Sutent®, Pfizer, NY, NY) or temsirolimus
(Torisel®, Wyeth, Philadelphia, PA) had been approved by the FDA for mRCC. Patients with
brain metastasis were excluded unless they had been appropriately treated and stable for at
least 6 months

Study Design and Treatment Modifications

The study was approved by the Institutional Review Board (IRB) of the Center for Cancer
Research (intramural program) of the National Cancer Institute (NCI; Bethesda; Maryland).
All patients signed IRB-approved written informed consent. Ixabepilone was provided by
the Cancer Therapy Evaluation Program, NCI, through a cooperative agreement with
Bristol-Myers Squibb (Wallingford, CT). Ixabepilone was administered at a dose of 6 mg/
mZintravenously during a one-hour infusion daily for 5 consecutive days every 3 weeks.
Diphenhydramine 50 mg and ranitidine 50 mg were administered intravenously 30 to 60
minutes before the administration of ixabepilone as prophylaxis against reactions to
cremophor XL. Prophylactic antiemetics were not administered routinely. Adverse events
were coded according the NCI Common Toxicity Criteria version 2.0 (CTC). Cycles were
extended to 28 and 35 days on occasion to accommodate grade 2 neuropathy.

Response Assessment

Measurable disease was assessed by CT using RECIST guidelines 23, with baseline imaging
within 4 weeks of enrollment and restaging after every two cycles.

Statistical Design and Methodology

This protocol was designed to evaluate the efficacy of ixabepilone and was conducted using
a two-stage optimal design to rule out a low 5% response rate in favor of a 20% response
rate 24, Patients were grouped according to histology (clear cell, papillary or other). If one or
more patients had a response, accrual continued until a total of 37 evaluable patients had
been enrolled (clear cell group was the only cohort expanded to 37 patients).

An amendment in 11/03 halted accrual while it sought to increase the clear cell cohort to 74
patients to examine the activity of ixabepilone in patients with wt VHL, based on an
assumption (not realized) of 50% wt and 50% mutant VHL.
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Correlative Studies

RESULTS

Patients with tumors that could safely have a biopsy performed under local anesthesia had
core biopsies obtained at baseline and approximately 2-6 hours after the cycle 1 day 5 dose
of ixabepilone treatment. Assessment of target engagement and sequencing of VHL were
performed (See Supplemental Information).

Patient Characteristics

Efficacy

Between February 2002 and April 2007, 87 patients with metastatic renal cell carcinoma
(mRCC) were enrolled onto this study. The baseline characteristics and patient’s prior
therapy are summarized in Table 1. The median age was 57.1 years; the majority were male
and Caucasian with ECOG PS of 0 - 1. Ninety percent had undergone a cyto-reductive
nephrectomy. One half of the patients had received systemic treatment, including IL-2, IFN,
thalidomide, a vaccine and other therapies while the other half had not received prior
systemic treatment. Eighty-six percent of patients’ tumors were of clear cell histology.
Patients had extensive tumor burden at baseline with a median of 21.7 cm of tumor (sum of
longest diameters of all tumors), of which 10.5 cm was evaluated by RECIST. The mean
number of metastatic sites was 3 with most patients presenting with lung involvement, as
well as lymphadenopathy in the chest, abdomen or both. Other common sites of disease
included the liver, bones and soft tissue. (Note: a site of metastatic disease, such as ‘lung
parenchyma’, counted as one site, whether there was one nodule or 25).

Eighty-four of 87 patients completed two cycles. One patient with new onset hemoptysis
during cycle 2/day 2 decided against further ixabepilone therapy. Another patient with
significant co-morbidities including COPD and urethral obstruction had a stent placed to
relieve external obstruction of the left mainstem bronchus after which his PS declined
markedly without further treatment. A third patient with sepsis on cycle one/day 8 refused
aggressive care, fully aware of the likely outcome, and died quickly. The total number of
cycles administered was 590 with a median of five cycles per patient. All patients received a
dose of 6 mg/m? as the starting dose. Early in the conduct of the study 19 patients (43
cycles) who tolerated the starting dose of 6 mg/m? well were advanced to a daily dose of 8
mg/m2. When it became apparent this dose often caused unacceptable fatigue, further
escalations were not attempted, especially since all responses had been observed at the dose
of 6 mg/m2.

Among the 87 patients enrolled on study, the overall response rate was 12.6%. As shown in
Table 2, one patient had a complete response, 10 patients had partial responses, and a best
response of stable disease for at least 4 cycles per RECIST criteria was confirmed in 33
patients (37.9%). Measurable responses were observed in lung, liver, soft tissue and lymph
nodes. Improvements were also seen in non-target lesions, including bones, pleura and skin.
The waterfall plot of best tumor response in percentage change from baseline for the 84
patients who received at least two cycles and had a repeat imaging study patients is shown in
Figure 1. The graph directly above the response graph depicts the total tumor burden in each
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patient. Together these graphs demonstrate that the extent of response is independent of the
total tumor burden or the disease measured in the RECIST evaluation (See also
Supplemental Data for correlation with RECIST measurements). Tumor shrinkage was not
confined to those with small volume disease. Stable disease was not only seen in patients
with a large amount of disease, where an increase of 20% might be more difficult to attain,
given the large tumor burden at the start (Figures 1 and 2).

The median time to progression was 19 weeks. For the 11 patients who achieved complete
response or partial response, the median duration of response was 5.5 months. The median
OS of the 74 patients with RCC Motzer grade 0 and 1 patients and clear cell histology was
19.25 months. This analysis was performed to allow for a comparison to the published trials
with sorafenib and sunitinib. Because 19 patients (25.6%) subsequently went on to receive
sorafenib or sunitinib, any patient who received either of these agents had their survival
arbitrarily censored one month after the initiation of sunitinib or sorafenib. In this way we
were sure to avoid assigning any benefit on survival to ixabepilone that could have come
from other therapies.

Toxicities are summarized in Table 3. The median and mean absolute neutrophil count
(ANC) in cycle one was 2945 and 2880, respectively. The median and mean ANC in all
cycles were 2879 and 2735, respectively. Only 9 out of 87 patients experienced G4
neutropenia at the dose of 6 mg/m2. Only 1 patient had G3 thromobocytopenia at that dose
level. Neuropathy was observed in 59% of patients. The majorities of these events were
neurosensory and grade 1 or 2, with only 4 of 87 patients developing grade 3 sensory
neuropathy or motor neuropathy. Two patients developed what appeared clinically to be an
autonomic neuropathy manifested by orthostatic hypotension and syncope. Both had gradual
improvement in symptoms over time after ixabepilone was discontinued. The other notable
adverse events attributable to ixabepilone include alopecia (70%), fatigue, nail changes,
anorexia, nausea, taste disturbance and diarrhea. Only eight patients were removed from
study due to toxicities. One episode of Grade 5 febrile neutropenia (discussed above)
occurred during cycle one in a 55 year-old gentleman with extensive disease. A second
patient died while on study, as a result of a brain-stem infarct during a vertebral body
embolization procedure performed at another institution.

Correlative studies

We have previously reported target engagement with two markers of stable tubulin before
and after ixabepilone treatment in cycle 1 2°. As shown in Figure 3 the increases in these two
markers are closely correlated, confirming the target engagement by ixabepilone (See
Supplemental Information).

Finally, based largely on theoretical considerations that VHL mutation status could affect
response to ixabepilone 25, a decision was made after some activity was observed early in
the study to double the accrual, expecting that about one half of the patients would present
with a mutation in the VHL. The coding sequence of the VHL gene in 32 patients was
sequenced for mutations. The primers used in the PCR and sequencing reactions are listed in
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Supplemental Table 1 and shown schematically in Supplemental Figure 3. To validate our
assay we isolated DNA from 8 RCC cell lines (4 with wild type VHL and 4 with mutant
VHL), and from 3 RCC tumors and 3 pheochromocytoma tumors from patients with a
diagnosis of VHL. Sequencing of RT PCR products from these cell lines and tumors
identified all 10 mutations. By comparison we detected a VHL mutation in only 1 of 32
patient samples - a 1 bp deletion at nucleotide 317 (relative to start of translation) resulting
in a premature stop codon at amino acid 158 (See Supplemental Section).

DISCUSSION

In the present study we report on the activity of the microtubule-stabilizing agent,
ixabepilone, in patients with mRCC. The objective response rate as assessed by RECIST is
12.6% with a median OS of 19.25 months in the 74 patients with Motzer grade 0/1 and clear
cell histology. While these results must be confirmed, they cannot be ascribed to enroliment
of a select group of patients with a favorable prognosis given the large number of patients,
and the advanced disease at presentation with a median tumor burden of more than 21 cm,
and an average of 3 sites of metastatic disease. With the approval of three agents for mRCC
in the past three years, and the knowledge that at least two, if not all three, have very similar
mechanisms of action, the identification of an agent from a totally distinct class of
chemotherapeutics, is in our opinion, of interest and worthy of further evaluation.

While the potential value in mMRCC of ixabepilone lies in its different mechanism of action
and not as an agent that competes with drugs already approved for RCC, it is useful
nevertheless to compare its activity to the already approved chemotherapeutics. While the
median time on therapy was 19 weeks we would note that some patients were removed from
study prior to meeting the criteria for RECIST-defined progression. This occurred primarily
prior to sorafenib’s approval and available information that suggested this agent was very
active in mRCC. Consequently some patients were encouraged to seek out trials with
sorafenib or later compassionate use sorafenib, when it appeared remaining on ixabepilone
would not lead to a significant response. These patients thus came off study before meeting
RECIST criteria for progression and could have remained on study for at least an additional
6 weeks until the subsequent scan. This approach was taken because time to progression was
not an endpoint and was driven by what investigators saw as the patient’s best interest. Had
these patients continued on study for a minimum of six additional weeks, then the median
time on ixabepilone prior to progression would have risen to at least 24.9 weeks, a value that
compares favorably with sorafenib data showing a median TTP of 24 weeks. More
importantly, the median OS of RCC Motzer grade 0 and 1 patients with clear cell histology —
a cohort comparable to patients enrolled on the sorafenib and sunitinib registration trials —
was 19.25 months, comparable to the 19.3 months for sorafenib 13. As noted in the Results
Section, the latter value is not affected by the few patients who received sorafenib or
sunitinib since if they received either drug for more than one month their “survival” was
tabulated from enrolment to one month after the start of sorafenib or sunitinib. But in fact
the majority of patients either did not tolerate these drugs or had minimal benefit, and only 2
patients exceeded the median OS while receiving sorafenib or sunitinib and the adjustment
in “survival” was only meaningful in these two.
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Although one might argue the daily times five schedule is suboptimal in terms of
convenience, we found this schedule easy to administer, well-tolerated and acceptable to the
patients, many of who traveled great distances to participate in this trial. Neurotoxicity was
largely grade 1 or 2 with less than 5% grade 3 toxicity consistent with other studies
conducted with the same schedule 27 28 and much less than with the 30 - 40 mg/mZevery 3
weeks schedule that has reported G3 neuropathy in as many as 20% or more of patients
enrolled 2930, The lower incidence of neurotoxicity with this regimen is reminiscent of data
with the taxanes that demonstrated a much lower incidence of neurotoxicity with a 96-hour
infusion of paclitaxel 31 - 35, If for ixabepilone as for the taxanes the peak concentration is
important in causing peripheral neuropathy, then the lower peaks achieved with a daily for
five days schedule might be important 36. The lower incidence of neurotoxicity with this
schedule could be considered by physicians preparing to administer ixabepilone to patients
with other cancers, especially those with neurotoxicity prior to the start of ixabepilone. Also
notable was the fact that severe myelosuppression was very uncommon. The median ANCs
for cycle one and for all cycles were 2879 and 2735 respectively with G3 thrombocytopenia
recorded in only one patient. While we recognize the patients enrolled on this clinical trial
had not received prior myelosuppresive therapy, the results are nevertheless encouraging,
especially if one considers this ixabepilone schedule as a building block with other agents.

Ixabepilone has been evaluated in one other phase |1 trial in RCC using a different schedule
37, That study evaluated a dose of 40 mg/m? every 21 days and reported the schedule to be
inactive. However, only five of twelve patients had lear cell RCC with other histologies in
the remaining seven — possibly explaining the different results. Alternately, the difference in
schedule, daily for five days versus once every three weeks, could potentially affect tumor
response. As has been previously demonstrated in pre-clinical studies with the taxanes,
longer or more frequent schedules of administration might be more active in slower growing
tumors such as RCC, especially if cytotoxicity depends on where in the cell cycle the cell is
when ixabepilone is administered 38: 39,

Kidney cancer has historically been refractory to “cytotoxic” agents including the taxanes
6.40.41 The ineffectiveness of chemotherapy can be ascribed, in part, to intrinsic resistance
to chemotherapy. Over-expression of the drug transporter P-glycoprotein (Pgp) and its
encoding gene, MDR-1, has been frequently cited as a mechanism of resistance. A high

level of expression of MDR-1 and /n vitro sensitization to vinblastine with the antagonists
verapamil and quinidine have been observed in kidney cancer 42. These findings suggest Pgp
expression could explain, at least in part, the resistance of RCC. The epothilones represent
the first anti-microtubule agents that are not Pgp substrates. While other putative advantages
of ixabepilone are being studied, to date the only advantage that has been validated is the
lack of Pgp-mediated efflux and this may /7 part explain ixabepilone’s efficacy in RCC. That
this cannot be the only explanation, but must be part of a more diversified resistance
portfolio, is evidenced by the fact that target engagement was observed in the majority of
tumor samples analyzed, indicating resistance mechanisms distal to engagement of the target
prevented cytotoxicity. Studies are underway to try to discern other mechanisms.

Finally, using a methodology that was validated with 10 samples whose mutations were
unknown to the individual performing the analysis, we sought to determine the VHL
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mutation status of tumors. To our surprise, the majority of tumors from our patients with
sporadic RCC did not harbor VHL mutations. Using primers that generated small fragments
we were able to successfully clone all samples, even those for which we had only DNA
isolated from micro-dissected formalin-embedded tissues. While the significance remains to
be determined, we must conclude the incidence of VHL mutations in patients with
aggressive, sporadic RCC is lower than previously thought.

In summary, ixabepilone is a potent microtubule-stabilizing agent that demonstrates some
activity in mRCC. This cytotoxic agent could be considered in combination or sequentially
with other therapies — e.g. bevacizumab, sorafenib, sunitinib — in future studies to attempt to
improve the therapy of mRCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations:

RCC renal cell carcinoma

oS overall survival

VHL \Von Hippel-Lindau

IFN-a interferon-alpha

-2 interleukin-2

PFS progression free survival

RECIST Response evaluation criteria in solid tumor

ECOG Eastern Cooperative Oncology Group

PET positron emission tomography
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Statement of Translational Relevance:

This study reports the results of a clinical trial with ixabepilone (Ixempra®) in patients
with advanced metastatic renal cell carcinoma (RCC). Ixabepilone is a novel
microtubule-targeting agent recently approved by the FDA for the therapy of metastatic
breast cancer. The current study represents a large, single institution trial in patients with
RCC with mature data including overall survival. It also reports interesting translational
analyses that demonstrate this agent consistently reaches its target in the cell and effects
microtubule stabilization. Given the recent interest in RCC and renewed hope that better
therapies may be forthcoming, this report is interesting in that it describes activity of an
agent unlike any approved to date for this still very refractory disease. Its tolerability and
its low toxicity make it an attractive agent to use ion combination therapies.
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Figure 1:
(A) Tumor burden as represented by the sum of the size of all tumor masses larger than one

centimeter. All patients shown with a tumor burden of 40 or 50 centimeters actually had a
larger burden, but these consisted of variable number of small metastases that were not
measured. (B) Waterfall plot of tumor response calculated using RECIST criteria. The bars
depict the percentage change from baseline.
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Figure 2:
Scans demonstrating response in a patient with mRCC after treatment with ixabepilone.

Prior therapies included nephrectomy, metastasectomy, radiation therapy to L1, high dose
IL-2 and experimental therapy with FLT3/CD40L . The baseline scan is shown on the left
with a scan obtained after 17 cycles shown on the right. According to RECIST criteria a PR
was achieved after 8 cycles but the tumor continued to shrink for 21 cycles before
demonstrating evidence of progression on cycle 26.
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Figure 3:
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Increased levels of two markers of stable tubulin - acetylated- and glu-terminated-alpha
tubulin - were observed after the administration of ixapebilone in 84 to 92% of serial
biopsies. The increased levels of these two markers were closely correlated, confirming with
two different antibodies the occurrence of target engagement by ixabepilone.
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Characteristics Number of patients  Percent
Gender
Male 65 75
Female 22 25
Ageinyears
Median (Range) 57.1(26-77)
Race/ethnicity
Caucasian 72 83
African American 9 10
Asian 5 6
American Indian 1 1
ECOG performance status
0 23 26
1 58 67
2 6 7
Prior Nephrectomy
Yes 79 91
No 8 9
Prior Systemic Treatment
None 45 52
IL-2 36 42
Interferon-alpha 14 16
Thalidomide 6 7
IL-12 5 6
Bevacizumab 3 3
Other 7 7
Histology
Clear-cell 74 85
Papillary 5 6
Collecting Duct 2 2
Sarcomatoid + Clear 2 2
Papillary + Clear 1 1
Other 3 3
Site of (metastatic) disease
Lung 71 82
Lymph Nodes 68 78
Bones 24 28
Liver 21 24
Soft tissue/other 26 30
Primary 8 9
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Characteristics Number of patients  Percent

Motzer Criteria’4

0 Risk Factors 37 43
1 Risk Factor 38 44
2 or 3 Risk Factors 11 13

AKarnofsky PS < 80%; Calcium > 10 mg/dL; Hgb < 13 g/dL males, 11.5 g/dL females (Motzer, Bacik et al. 2004)
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Table 2:

Best Response to Ixabepilone per RECIST (N = 87)

Number of patients | Percentage
Complete Response 1 1.2
Partial Response 10 115
Stable Disease = 4 cycles 33 37.9
Progressive Disease 40 46
Not evaluable 3 34
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Adverse Events: All Cycles (N =590) / All Patients (N = 87)

Table 3:

Page 18

cTC Grade’ ! 2 3 4
Number of | % | Number of [ % [ Number of [ % | Numberof | %
Patients Patients Patients Patients
Toxicity
HEMATOLOGIC
Neutropenia 15 17 9 10 12 14 17 20
Hemoglobin 28 32 39 45 1 11
Thrombocytopenia 25 29 1 11 1 11
Febrile neutropenia 2 2.3 1B 11
NON-HEMATOLOGIC
Fatigue 25 29 35 40 14 16
Sensory neuropathy 28 32 18 21 3 3.4
Neuromotor 1 11 1 11
Syncope 2 2.3
Nausea 22 25 16 18 4 4.6
Vomiting 18 21 8 9 3 3.4
Diarrhea 17 20 15 17 7 8
Constipation 7 8 13 15
Alopecia 36 41 25 29
Dysgeusia 29 33 11 13
Nail change 19 22 19 22
Arthralgias 19 22 4 4.6 1 11
Myalgias 8 9 2 23 1 11

A . - I
National Cancer Institute Common Toxicity Criteria (NCI CTC)

BOne patient had Grade 5 febrile neutropenia during cycle 1
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