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Abstract

Background—The combination of gemcitabine and docetaxel is standard first-line therapy for
recurrent or metastatic uterine leiomyosarcoma. There is no standard second-line therapy.
Ixabepilone is a semi-synthetic analog of epothilone B that binds to the same site on beta tubulin
as paclitaxel and may be a more potent polymerizer of tubulin. We sought to determine activity of
ixabepilone as a single agent as second-line treatment for patients with metastatic uterine
leiomyosarcoma who had received taxane based therapy.
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Methods—Eligible women with unresectable uterine leiomyosarcoma progressing after prior
cytotoxic therapy containing a taxane were treated with ixabepilone 40 mg/m?2 on day one of a 21
day cycle. Patients with prior pelvic radiation were treated without dose reduction. Response
Evaluation Criteria in Solid Tumors (RECIST) response was assessed by computed tomography
(CT).

Results—Twenty-three of 26 women were evaluable (two wrong histology, one never treated)
with two of 23 receiving one cycle of therapy. There were no complete or partial responses. Stable
disease (SD) was seen in four patients (17.4%, median 3.4 months). Seventeen patients (73.9%)
had increasing disease (PD) and two patients were inevaluable per RECIST. One patient had SD
over six cycles of treatment. Median PFS for all 23 patients was 1.4 months and overall survival
was 7.0 months. The predominant grade 3 or 4 toxicity was uncomplicated myelosuppression:
neutropenia grade 3 (13%), grade 4 (17%), anemia grade 3 (22%).

Conclusion—Ixabepilone as a single agent is not an active second-line therapy for uterine
leiomyosarcoma previously treated with a taxane.
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Introduction

Uterine sarcomas are rare malignancies, accounting for up to 7% of all uterine cancers and
only 1% of all female genital tract malignancies [1]. Of these, leiomyosarcoma is the most
common subtype [1-3]. Even when confined to the uterus, the prognosis for uterine
leiomyosarcoma may be poor, with overall (all stages) recurrence rates ranging from
53-71% and overall survival (OS) rates ranging from 15-25% with a median survival of
approximately 10 months [1-6].

As reflected above, most patients with uterine leiomyosarcoma will experience distant
metastases regardless of stage [7]. Although oligometastatic disease may be treated
surgically, systemic therapy is utilized in cases where multi-site disease is present, or when
there has been a relapse after an attempt at loco regional control with surgical resection.
Numerous single agents have been tested in patients with leiomyosarcoma with no agent
exceeding the response rate of 25% seen with doxorubicin among a chemotherapy-naive
population [8-23].

Combination therapy has been demonstrated to have higher response rates at the cost of
higher toxicity [23-25]. Historically, the highest response rate of 30% was obtained using
ifosfamide and doxorubicin in patients with no history of prior treatment [26]. More
recently, a Phase Il single institution study and the subsequent group study Gynecologic
Oncology Group (GOG) 87L have established the best response rate for first line treatment
with the combination of gemcitabine plus docetaxel, with an overall response rate (ORR) of
35.8% in the GOG study [27,28]. On the basis of these trials, most women will be treated
with this combination, either as adjuvant treatment or in the setting of a first relapse.
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Despite the possibility of initial success with this combination, most patients will experience
disease recurrence. In the setting of recurrent disease following first line therapy, there is
clearly a need for development of new agents for the treatment of recurrent leiomyosarcoma
of the uterus, particularly in the setting of progression following docetaxel. GOG 131G
demonstrated an ORR of 27.1% for gemcitabine and docetaxel as second line treatment.
However, the patients in GOG 131G were not allowed prior docetaxel or gemcitabine for
first line therapy [28,29]. At this time, there are no approved agents for recurrent
leiomyosarcoma, emphasizing this as an unmet need. While doxorubicin is often used in the
second line after gemcitabine and docetaxel in clinical practice, there is no prospective data
to suggest its efficacy.

The epothilones are a novel class of non-taxane microtubule stabilizers with unique
properties [30,31]. The cytotoxic activity of epothilones, like those of the taxanes, has been
linked to suppression of cell growth by promoting accelerated assembly of stable
microtubules, which consequently leads to cell cycle arrest at the G2-M transition, and
eventual cell death [30,32]. Ixabepilone (BMS-247550) is a semi-synthetic analog of
epothilone B that binds to the same site on beta tubulin as paclitaxel and, in preclinical
models, appears to be a more potent polymerizer of tubulin than paclitaxel [30,31,33,34].
The unique properties of this agent may allow it to evade both acquired and intrinsic
mechanisms of resistance to taxanes. Ixabepilone is a poor substrate for P-glycoprotein and
MRP1, therefore potentially avoiding these drug efflux mechanisms. In addition, specific
mutations in the B-tubulin binding sites associated with resistance to paclitaxel were not
associated with resistance to ixabepilone in preclinical models, suggesting that this
epothilone might be associated with enhanced clinical activity compared to paclitaxel [32].

Ixabepilone has demonstrated antitumor activity in both taxane sensitive and taxane
refractory cancer cell lines and tumors, including those overexpressing multidrug resistance
(MDR) and those with mutations in the beta tubulin gene [35]. In both Phase I and Il clinical
trials, objective responses with ixabepilone have been shown in a broad range of tumor
types, both those considered to be sensitive, as well as those considered relatively insensitive
to taxanes [36]. Ixabepilone was chosen in GOG-131H because of the data suggesting
responses in taxane resistant disease. The activity of ixabepilone in breast cancer and other
solid tumors, even in patients refractory to taxanes, prompted a phase Il clinical study with
this agent in patients with recurrent or persistent endometrial carcinoma, who had failed one
prior chemotherapy regimen [37]. In GOG-129P, ixabepilone was administered to 50
eligible patients with recurrent or persistent endometrial carcinoma. All patients had been
treated previously with platinum, and the vast majority had also previously received a
taxane. Ixabepilone produced objective responses in six patients (12%), which included one
(2%) complete response that has lasted 4.9+ months and 5 (10%) partial responses lasting
4.2 to 19.8 months. Moreover, an additional 30 patients (60%) had stable disease lasting >8
weeks.

In light of this promising activity and the current trend to use taxanes as first line therapy for
women with uterine leiomyosarcoma, the GOG initiated a study of ixabepilone in women
with recurrent leiomyosarcoma previously treated with a taxane.
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Materials and Methods

Patients

Women with persistent or recurrent uterine leiomyosarcoma refractory to curative therapy or
established treatments were eligible for the study, provided they had received one prior
cytotoxic regimen (single or multi-agent) that included a taxane. Patients were allowed to
receive up to two prior regimens only if the first regimen did not include a taxane. Prior
treatment with a non-cytotoxic agent (biologic/targeted or cytostatic) was permitted. Patients
were required to have measurable disease as defined by RECIST 1.1, and at least one target
lesion to be used to assess response. Response was assessed by RECIST [38].

Histologic confirmation was performed by central review of the GOG Pathology
Committee. Patients were permitted to have had prior pelvic radiotherapy. Patients were
required to have GOG performance status of 0-2, and adequate bone marrow function
(absolute neutrophil count (ANC) =1500/ul, and platelets =100,000/pl); renal function
(creatinine <1.5 x institutional upper limit of normal); hepatic function (bilirubin <1.5 x
institutional upper limit of normal, and SGOT and alkaline phosphatase <2.5 x institutional
upper limit of normal); and neurologic function (baseline neuropathy (sensory and motor) <
Common Toxicity Criteria grade 1).

All patients signed written, informed consent. The protocol and consent were reviewed and
approved annually by participating institutions' Institutional Review Boards.

Treatment plan

All participants had baseline imaging (CT scan of chest, abdomen and pelvis) within four
weeks of starting therapy, which was repeated following every other cycle of treatment to
assess response. History and physical examination, and assessment of toxicities were
performed each cycle. Complete blood counts were monitored weekly and comprehensive
metabolic panels on day one of each cycle.

Participants received ixabepilone administered at 40 mg/m? IV infusion over three hours on
day one of a 21 day cycle. Treatment was continued with radiologic disease assessment
every other cycle, until evidence of disease progression or unacceptable toxicity despite dose
modification. The protocol prohibited the use of prophylactic growth factors such as
filgastrim or sargramostin, unless there were recurrent neutropenic complications. Patients
were allowed to receive erythropoietin, iron supplements and/or transfusions as clinically
indicated for anemia. Recommended pre-medication for ixabepilone infusions were an H1
antagonist and an H2 antagonist one hour prior to infusion to reduce the risk of
hypersensitivity reactions. Treatment was continued until time of objective progression of
disease, or unacceptable toxicity.

Patients received day one treatment of each cycle provided the ANC was =1500/ul and
platelet count >100,000/ul. Therapy could be delayed for a maximum of two weeks until
those values were achieved. Patients with grade 4 thrombocytopenia, febrile neutropenia, or
grade 4 neutropenia persisting =7 days were reduced one dose level. (One level reduction 32
mg/m? and two level reduction 25 mg/m?). If cytopenia persisted despite two dose
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reductions, the patient was removed from study. Treatment was delayed for a maximum of
three weeks for grade 2 or greater peripheral neuropathy, grade 2 or greater renal toxicity,
grade 3 or greater elevations in liver enzymes, alkaline phosphatase or bilirubin, until these
values recovered to grade 1, with treatment resuming at one dose level reduction. Patients
with nausea, emesis, diarrhea or constipation that was persistent (greater than 24 hours)
grade 3 or greater, in spite of optimal medical management required one dose level
reduction and delay in subsequent therapy for a maximum of two weeks until recovered to
grade 1. All other non-hematologic toxicities with an impact on organ function of grade 2 or
greater required a delay in subsequent therapy for a maximum of three weeks until
recovered to grade 1 and a dose reduction with further therapy. Toxicities were graded
according to National Cancer Institute Common Toxicity Criteria version 4.0 (CTC 4.0).

Statistical design

Results

This study employed an optimal but flexible two-stage design with an early stopping rule
intended to limit patient accrual to inactive treatments [39]. During the first stage, the
targeted accrual was 23 eligible patients, but was permitted to range from 19 to 26 patients.
If more than two out of 19-25, or more than three out of 26 patients responded and medical
judgment indicated, accrual to the second stage was to be initiated. Otherwise the study
would be stopped and treatment regimen classified as uninteresting. If opened to the second
stage, the overall study accrual would be to 48 eligible and evaluable patients, but was
permitted to range from 44 to 51. If more than six out of 44-45, or more than seven out of 46
to 51 patients responded, then the regimen would be considered worthy of additional
investigation. If the true probability of responding is only 10%, the study design provides a
90% chance of correctly classifying the treatment as inactive. Conversely, if the true
response rate is 25%, then the average probability of correctly classifying the treatment as
active is 90%. The figures for Progression Free survival (PFS) and overall survival (OS)
were constructed using the technique of Kaplan-Meier [40].

Patient characteristics

Twenty-six patients were enrolled from 15 GOG institutions. The first stage of accrual was
achieved over 23 months following study activation. Twenty-three women were considered
evaluable (one patient ineligible due to wrong primary, one due to wrong cell type, one
patient never treated). Patient characteristics are presented in Table 1. All patients had a
GOG performance status of 0-1 and most patients (12, 46%) were between 50-59 years of
age. Only one patient received two prior regimens; the rest had one prior regimen. The
median age was 56.5 years (41-68). Seventeen patients were white and six were African-
American. Four of 23 (17%) had received prior pelvic radiation. All patients had received
one prior cytotoxic regimen containing a taxane. Seventeen patients (74%) received two
cycles of treatment followed by progression of disease.

Response to treatment and survival

Treatment response is outlined in Table 2. Twenty-one patients were evaluable for response.
There were no patients seen with CR or PR. SD was seen in four patients (17.4%) and 17
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patients (73.9%) had increasing disease (PD). The median length of stable disease is 3.4
months (2.8, 2.9, 3.8, and 18.9 months).

Twenty-one patients received at least two cycles of treatment. The median number of cycles
per patient was two (range 1-6). One patient had SD over the course of six cycles of
treatment, but ultimately had disease progression. Median progression-free survival (PFS)
for all 23 patients was 1.4 months and OS was 7.0 months. PFS and OS curves are
demonstrated in Figure 1.

Adverse events

A summary of all adverse events of all grades is provided in Table 3. The predominant
toxicity was myelosuppression: all grade 4 events were myelosuppressive. There were seven
patients with grades 3 or 4 leukopenia, seven patients with grades 3 and 4 neutropenia, and
five patients with grade 3 anemia. Of note, there were no reports of hypersensitivity in this
study. The 4 patients who received prior pelvic radiotherapy contributed 2 of the 4 grade 4
neutropenic events but otherwise did not differ from the entire treatment group with respect
to hematologic toxicity; there was one grade 4 anemia in this group and no grade 3 or 4
platelets.

Discussion

For years, doxorubicin, with or without ifosfamide, was the standard first line chemotherapy
treatment for women with metastatic leiomyosarcoma, with no standard options for second
line therapy. In the past decade, this first line therapy has almost exclusively changed to the
combination of gemcitabine and docetaxel in the first line, based on the data from two recent
studies [27,29]. There is, in addition, preliminary data to suggest that women with uterus
confined disease at the time of initial diagnosis may benefit from adjuvant treatment with
gemcitabine and docetaxel, given with the gemcitabine as a fixed dose rate or as a bolus
infusion [41]. Therefore, most women with advanced or recurrent uterine leiomyosarcoma
are likely to be treated with a taxane based therapy as first line therapy, and essentially all of
these patients will ultimately experience recurrence and be candidates for salvage therapy.
Unfortunately, options for second line therapy remain limited, particularly for patients
already treated with a taxane. Therefore, second-line treatment remains an unmet medical
need.

Ixabepilone was chosen in GOG-131H because of the data suggesting responses in taxane
resistant disease. In GOG-129P, ixabepilone was administered to patients with endometrial
cancer, and produced an ORR of 12%, with an additional 60% of patients having stable
disease [37]. Ixabepilone was very well tolerated in recurrent leiomyosarcoma patients, even
in those patients with prior pelvic radiation, with limited to no toxicity other than
myelosuppression that was easily managed. Unfortunately, the responses seen in
endometrial cancer in GOG-129P and in taxane resistant breast cancer were not seen in the
setting of uterine leiomyosarcoma. Similarly, a recent Phase Il study in pediatric sarcoma
did not show a response rate to ixabepilone [42].
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Given the lack of activity of ixabepilone in previously treated sarcoma patients, it is likely
that future studies will need to investigate novel agents and targeted agents, which might be
tested with or without cytotoxic therapy. The work done in other soft tissue sarcomas may
provide a useful starting point for the treatment of uterine leiomyosarcoma. For example,
there has been promising data with respect to targeted agents and soft tissue sarcomas. One
Phase I11 randomized double blind placebo controlled study in patients with metastatic and
recurrent soft tissue sarcoma demonstrated a survival advantage for pazopanib over placebo,
with an increase in PFS of 4.6 months vs 1.6 months (HR: 0.31, 95%CI: 0.24-0.40; p <
0.0001) and an increase in OS of 12.5 months vs 10.7 months with placebo (HR: 0.86,
95%Cl: 0.67-1.1; p = 0.25)[43]. The combined data specifically regarding uterine sarcomas
from this study as well as the data from a recent EORTC phase I trial [44] were presented at
the American Society of Clinical Oncology (ASCO) in 2014.[45] Of the 386 patients with
intermediate or high grade soft tissue sarcoma treated in these two studies, 44 patients had
uterine sarcoma and 39 of these had uterine leiomyosarcoma. There were 5 PR (11.4%) and
25 SD (56.8%) responses seen in the uterine leiomyosarcoma group; these response rates
were almost identical to the response rates seen in the group as a whole (10.7% and 57.2%)
suggesting that pazopanib induces similar response rates for patients with uterine sarcoma as
compared to other soft tissue sarcomas. Morevoer, the median overall survival (OS) for
patients with uterine sarcoma was longer compared to other subtypes in this small group
(uterine OS 17.5 months compared to 11.1 months)

A scientific rationale to combine ixabepilone with pazopanib in patients with uterine
leiomyosarcoma may exist, as a recent Phase | study in patients with solid tumors reported
at American Association for Cancer Research (AACR) in 2013 has defined a maximally
tolerated dose of the combination with a high rate of disease stabilization [46]. Not
surprisingly, the main toxicity was myelosuppression. Ridaforolimus, a mammalian target of
rapamycin (mTOR) inhibitor, has also been studied in patients with advanced bone and soft
tissue sarcoma, with a clinical benefit rate (CR+PR+SD) of 33.3% [47]. Future study of
recurrent uterine leiomyosarcoma may also benefit from combining these tumors with other
soft tissue sarcomas, given the rarity of disease and the subsequent slow accrual to clinical
trials. The subset analysis presented at ASCO 2014 as described above suggests that it is
reasonable to include uterine leiomyosarcoma with other intermediate or high grade soft
tissue sarcomas.

In conclusion, ixabepilone as a single agent is not a clinically active drug in patients with
uterine leiomyosarcoma who have been treated with a prior taxane. Future investigation in
this population should focus on new targeted agents and individualization of therapy where
possible.
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Figure 1. Overall survival (OS) Progression free survival (PFS)
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Table 1

Patient characteristics

Characteristics

Number of Cases

Age

<50

50-59

60-69
Performance Status

0

1
Race

White

Black
Prior Chemotherapy
Prior Radiotherapy
Courses

1

2
4
6

12

10

13

17

23
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Table 2
RECIST-defined responses to treatment (n=23)

Response Category  No. of Cases % of Cases

Stable Disease 4 17.4
Increasing Disease 17 73.9
Inevaluable 2 8.7
Total 23 100.0
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