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Abstract

Background—~Patients with recurrent or refractory osteosarcoma have a poor prognosis with less
than 30% surviving 2 years. Eribulin is a synthetic analog of halichondrin B, has a novel
mechanism of action when compared to other microtubule inhibitors and may have anti-tumor
activity in osteosarcoma.

Methods—A prospective study was designed to assess the disease control success at 4 months
and objective response rates in patients with recurrent or refractory osteosarcoma treated with
eribulin. Eligible patients were between 12 and 50 years of age, had measurable tumor, and met
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standard organ function requirements. Patients were given eribulin 1.4mg/m2/dose on Day 1 and
Day 8 of each 3 week cycle for up to 24 months if there was not progressive disease. Response to
therapy was assessed using RECIST 1.1 criteria after cycles 2 and 5 and every 4™ cycle thereafter.

Results—Nineteen patients enrolled on the AOST1322 study. The median age of enrollment was
16 years (range 12-25 years). Twelve patients were male and 7 female. Eribulin was well tolerated
with neutropenia identified as the most common toxicity. The median progression free survival
was 38 days and no patients reached the 4 month time point without progression. No objective
responses were seen in any patient..

Conclusion—This study rapidly assessed the clinical activity of a novel agent in this patient
population. Eribulin was well tolerated but there were no patients who demonstrated objective
response and all patients had progression prior to 4 months.

Keywords
Osteosarcoma; Eribulin

Introduction

Over the past three decades, the 5-year event free survival (EFS) for patients with localized
osteosarcoma has been stalled near 65%, with no consistent trend of increase over this time
[1]. In addition, the prognosis for the 30-40% of patients who develop disease recurrence,
[2] and for those with clinically detectable metastases at the time of initial diagnosis is poor
with 2-year survivals of 20-30%.[3-5]. Since the late 1980s, methotrexate, cisplatin and
doxorubicin have been the cornerstone of systemic therapy; new active, less toxic therapies
are needed for the treatment of osteosarcoma.

Eribulin is a synthetic analog of a natural product, halichondrin B, and has a novel
mechanism of action when compared to other microtubule inhibitors. This mechanism
includes the polymerization of tubulin and results in accumulation of nonfunctional tubulin
aggregates. Unlike other anti-microtubule drugs, such as vincristine, vinblastine and
paclitaxel, which suppress the shortening and growth phases of microtubule dynamic
instability, eribulin inhibits microtubule growth but does not suppress microtubule
shortening[6, 7]. Eribulin also blocks the cell cycle at the G2-M phase and is active in
taxane-resistant cell lines with beta-tubulin mutations [8]. In addition, eribulin is
metabolized by CYP3A4 but does not significantly inhibit or induce CYP3A4 activity,
limiting the likelihood of drug-drug interactions. [7]

Eribulin was evaluated by the Pediatric Preclinical Testing Program (PPTP) and
demonstrated activity in a number of pediatric malignancies with significant differences in
EFS distribution compared to control in 29 of 35 (83%) of the evaluable solid tumor
xenografts and in 8 of 8 (100%) of the evaluable acute lymphoblastic leukemia
xenografts[9]. Three of 6 osteosarcoma xenografts had a complete response, 1/6
osteosarcoma xenografts had stable disease, and 2/6 osteosarcoma xenografts had
progressive disease[9]. In the osteosarcoma cell line U20S, eribulin was also shown to affect
mitotic spindle centromere dynamics[10]. In adults, eribulin is an FDA-approved agent for
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the treatment of patients with refractory, metastatic breast cancer. Eribulin has also been
assessed in a variety of soft tissue sarcoma histologies. Initially, eribulin was tested in the
phase 11 setting in adults with advanced or progressive soft tissue sarcoma and demonstrated
an improvement in 12 week progression free survival and excellent tolerability [11]. Based
on this result, a phase 111 study was completed in order to assess whether the overall survival
(OS) in patients with advanced or metastatic soft-tissue sarcoma was improved compared to
those who received dacarbazine. The results of this study demonstrated an improved overall
survival in the eribulin group (median OS 13.5 months) compared to the dacarbazine group
(median OS 11.5 months)[12]. However, a subgroup analysis of patients with liposarcoma
indicated a more significant improvement in OS for this particular histology, with a median
OS of 15.6 for those treated with eribulin vs 8.4 months for those treated with
dacarbazine[13]. These results have contributed to an additional FDA approval for eribulin
in the treatment of metastatic or unresectable liposarcoma. However, although eribulin has
been tested in a variety of soft tissue sarcoma histologies this is the first study to assess
efficacy of eribulin in a primary bone sarcoma.

This report describes the results of COG AOST1322, a phase Il study designed to assess the
objective response rate of eribulin in pediatric and young adult patients age 12 to 50 with
recurrent or refractory osteosarcoma[8].

Patients and Methods

Patient Population

Eligible patients included those =12 and < 50 years of age with a diagnosis of relapsed or
refractory osteosarcoma with measurable (= 10 mm) disease as defined by RECIST
1.1criteria. The lower age limit of 12 was chosen based on a lack of pharmacokinetic data
for younger children. Other eligibility criteria included adequate renal, cardiac, and liver
function along with adequate bone marrow function as defined by an ANC = 1000, platelet
count = 75,000/uL, and hemoglobin = 8.0 g/dL. Patients were also required to have a
performance status corresponding to ECOG scores of 0, 1 or 2 and a life expectancy of
greater than 8 weeks. Patients were excluded if they had prior use of eribulin or halichondrin
B products, prolonged QT syndrome or QT interval =501, or peripheral neuropathy = grade
2 using the Common Terminology for Classifying Adverse Events (CTCAE) version 4.0.
Patients with recent major surgery within three weeks of enrollment were also excluded.

Based on accrual rates of patients with osteosarcoma from three prior COG studies,
ADVL0421, ADVL0524 and ADVL0525[14-16], approximately 18 patients (1.5 patients
per month) were expected to enroll annually. This trial was approved by the National Cancer
Institute Pediatric Central Institutional Review Board, as well as by local regulatory boards
at all participating sites. A document of informed consent was signed by all patients or their
parent/legal guardian, and assent was obtained as appropriate according to the local
institutional guidelines prior to enroliment.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Isakoff et al. Page 4

Drug Administration

Eribulin was supplied by the National Cancer Institute (Bethesda, MD). Patients were given
eribulin 1.4mg/m2/dose as an 1V infusion over 2-5minutes on Day 1 and Day 8 of each 21
day cycle and treatment could continue for up to 24 months in the absence of disease
progression or toxicity requiring discontinuation of treatment. Cycles were repeated
provided initial eligibility criteria were met, including an absolute neutrophil count (ANC) =
1,000/pL, platelet count = 75,000/uL, hemoglobin = 8.0 g/dL (may have received RBC
transfusions), and normal renal and liver function.

For patients with Grade 4 neutropenia or Grade 4 thrombocytopenia on Day 8 or grade 3 or
4 non-hematologic toxicity, the dose of eribulin was withheld. If the toxicity resolved to
meet eligibility or baseline by Day 11, eribulin was reduced to 1.1 mg/m2/dose. If the
toxicity did not resolve by Day 11, the dose was omitted and subsequent cycles were given
with the 1.1 mg/m2/dose. Dose reductions were not required for grade 3 nausea and
vomiting < 3 days duration, grade 3 liver enzyme elevation that returns to grade < 1 or
baseline prior to the next dose, grade 3 fever or infection, grade 3 electrolyte disturbances
responsive to oral supplementation, or grade 3 ototoxicity in a subject who previously
received cisplatin or was enrolled to the trial with grade 3 or greater ototoxicity.

Study Design

Primary Outcome Measures: Each patient was evaluated for two outcomes: (1)
RECIST response as according to RECIST 1.1[17]; and (2) disease control success at four-
months (DC4). Any eligible patient who received at least one dose of eribulin was
considered evaluable for response assessment, except if the patient received non-protocol
therapy after the patient first demonstrated CR or PR, but prior to the time of the
confirmatory evaluation. Any evaluable patient who demonstrated a complete or partial
response after cycle 2 or before the end of the fifth cycle of therapy was considered a
responder; otherwise the patient was considered a non-responder.

Any eligible patient who received at least one dose of eribulin was considered evaluable for
DCA4. A patient was considered a disease control success if they did not demonstrate disease
progression through either five cycles of protocol therapy or four months after study
enrollment if eribulin therapy was stopped prior to the fifth cycle for any reason. Otherwise,
the patient was considered a disease control failure. The choice of stable disease for four
months to characterize a favorable outcome was selected based on the analysis of Lagmay et
al[18]. Response to therapy was planned to be assessed using RECIST 1.1 criteria after
cycles 2 and 5 and every 4! cycle thereafter.

Patients who were not evaluable for either response or disease control could be replaced for
the application of the statistical rule. Patients who were evaluable for response but not
disease control were considered not to have experienced DC4. The definitions above did not
provide for a patient to be evaluable for disease control but not RECIST 1.1 response.

The study was planned as a two stage design. Nineteen outcome evaluable patients were to
be enrolled. If four or fewer disease control successes and 1 or fewer responses were
observed, the study was to be stopped with the conclusion that eribulin was not associated

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 February 01.
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with sufficient activity for further evaluation. Otherwise an additional 10 outcome evaluable

patients were to be enrolled. The statistical operating characteristics of this design are
presented as part of the Supplemental Materials available at the journal website.

Toxicity Evaluation

Results

Each cycle of protocol therapy that a patient received was evaluated for the presence of
dose-limiting toxicity (DLT). Hematological DLT was defined as: (1) = Grade 4 neutropenia
for > 7 days; (2) Platelet count < 20,000/uL on 2 separate days, or requiring a platelet
transfusion on 2 separate days, within a 7 day period; or (3) Myelosuppression that causes a
delay of > 14 days between treatment cycles. Non-hematological DLT was defined as: (1)
Day 8 eribulin dose was held due to Grade 3 or Grade 4 non-hematological toxicity
attributable to the investigational drug and which did not resolve to meet eligibility or
baseline criteria by Day 11; (2) Any = Grade 3 non-hematological toxicity which, according
to the treating physician, was considered attributable to the eribulin except Grade 3 nausea
and vomiting < 3 days duration, Grade 3 liver enzyme elevation, including ALT/AST/GGT,
that returned to Grade < 1 or baseline prior to the time for the next treatment cycle, Grade 3
fever, Grade 3 infection, Grade 3 hypophosphatemia, hypokalemia, hypocalcemia or
hypomagnesemia responsive to oral supplementation, or Grade 3 ototoxicity in a subject
who previously received cisplatin or was enrolled to the trial with Grade 3 or greater
ototoxicity. A Bayesian rule described in the supplementary materials, was used to monitor
for an excessive per-cycle DLT rate.

For non-DLT toxicities, reporting of adverse experiences was limited to grade 3 and higher
non-hematologic and grade 4 and higher hematologic CTC adverse events. In order to
quantify toxicities regardless of grade, all cycles delivered to eligible and evaluable patients
enrolled on the study were aggregated and CTCAE toxicities were tabulated. The proportion
of all cycles with a particular grade and type of adverse event was calculated.

Patient Characteristics

AQOST1322 was activated for enrollment on August 22, 2014 and closed to accrual on
December 15, 2014. Data current to June 30, 2015 were used in the preparation of this
report. Nineteen patients enrolled on study at a rate of 5.4 per month and none were
considered ineligible. All patients were evaluable for toxicity, response evaluation and DCA4.
The sites of measurable disease and clinical characteristics among the 19 enrolled patients
are noted in Table 1. All patients were off protocol therapy at the time of the analysis for this
report. The study was closed to further accrual on December 15, 2014 due to a planned
interim analysis of the first 19 patients.

Antitumor Activity

The median progression free survival was 38 days and no patients reached the 4 month time
point without progression; Figure 1. No objective responses were seen in any patient as
measured by RECIST 1.1 criteria. Of the 19 patients considered, 5 received one cycle and
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progressed before the post-cycle 2 assessment as determined by early imaging, 12 received
two cycles and 2 received 5 cycles of protocol therapy.

Toxicity Evaluation

Of 39 cycles administered to the 19 patients, one (1) was associated with dose-limiting
toxicity. The patient experienced grade 3 extremity pain possibly related to eribulin. The
point estimate of the probability of a DLT is 2.6%. The posterior probability as defined
above is less than 0.001. Toxicities observed, both dose-limiting and non-dose limiting, are
displayed in Table 2. Neutropenia was the most common toxicity reported, occurring in 18%
of the cycles.

Discussion

The rate of disease stability and objective response for eribulin was disappointingly low in
this phase |1 trial for children and young adults with recurrent or refractory osteosarcoma. In
fact, we did not observe any complete or partial objective responses and none of the patients
remained on study, progression free at 4 months. Eribulin did not meet sufficient activity
criteria to warrant further development for the treatment of osteosarcoma.

The decision to conduct this phase 1l evaluation of eribulin in patients with relapsed or
refractory osteosarcoma was made based on multiple lines of preclinical evidence. This
included osteosarcoma cell line data indicating cytotoxicity and disruption of the centromere
dynamics, leading to mitotic arrest[10]. Additionally, the PPTP data demonstrated that 3 of 6
xenografts had either stable disease or a partial response[9]. This data was similar to the
testing of the microtubule inhibitor vincristine which demonstrated high activity with an
objective response in 1 of the 2 osteosarcoma xenografts[19]. Additionally, the efficacy
demonstrated in patients with soft tissue sarcoma, especially in liposarcoma, supported the
importance of the efficacy assessment in the most common primary bone sarcoma.

We note that although microtubule inhibitors have not been commonly used in the treatment
of osteosarcoma in recent times, there have been trials in the past that have demonstrated
efficacy with combination chemotherapy that included vincristine[20, 21]. However, these
studies were not designed to specifically assess single agent efficacy and historical data do
not give further clarity since the end point of early single agent studies of vincristine was
focused on reduction of tumor size[22]; typically not observed in osteosarcoma. Thus we
were disappointed by the ineffectiveness of eribulin.

Although we are unable to identify the reason for the lack of response in our patient
population, the PPTP investigators are currently evaluating whether the drug exposures in
the preclinical models accurately reflect the actual drug exposure in patients. Additionally,
we note that although the PPTP data did not correlate with clinical response in our patient
population, there is preliminary data to suggest that eribulin may have clinical activity in
patients with Ewing sarcoma[23]. Additionally, the PPTP has demonstrated preclinical
activity of the MEK inhibitor selumetinib in the treatment of astrocytoma[24], which has
correlated thus far with clinical activity as demonstrated in a phase | clinical trial of low
grade astrocytoma[25]. In addition, evaluations are being conducted to consider whether

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 February 01.
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resistant/recurrent preclinical models may demonstrate less tumor activity compared to what
was studied in our patient population. Despite the lack of response seen here, the COG bone
tumor committee believes that a data driven and highly scrutinized process to help prioritize
agents of interest that should be tested in osteosarcoma, as described by Khanna et. al should
continue to be used [26]. Certainly, if continued disappointing results are seen, clinical
investigators will need to re-evaluate the approach and determine whether a different
mechanism to identify agents is needed.

In general, osteosarcoma is a disease that has challenged oncologists for decades with few
agents identified with activity. The biology is complicated without a specific target or
marker of disease. There also may be a lack of tumor size reduction even with an agent
considered to have activity, thus the time to progression may be a better measure[18].
Additionally, studies for new agents are usually in heavily pre-treated patients and may
underestimate the response that could be seen in patients with untreated disease[27].
However, collaborative efforts are being made by scientists internationally to increase our
understanding of osteosarcoma biology and genomics[28]. We remain hopeful that the
likelihood of future success in clinical trials may be improved as we develop a deeper
understanding of the biologic mechanisms of osteosarcoma and develop trials that include
biomarker selection when a biomarker is known. We also speculate that combination
therapy, when appropriate, may also increase the likelihood of success in future trials.

The study design allowed for a rapid assessment of the clinical activity of a novel agent in
this patient population and met accrual goals in a faster time period than expected. We have
previously proposed a number of potential reasons that may have contributed to this rapid
enrollment[29] and expect that if future phase Il trials in osteosarcoma have similar
enrollment patterns we should be able to test many agents in a short time frame. We also
note that the design of this study was successful in answering the primary objective and
supports the use of a 4 month progression free survival as an appropriate goal for assessing
new therapies in recurrent unresected osteosarcoma.

In conclusion, eribulin was well tolerated but failed to show activity in patients with
recurrent osteosarcoma. It remains imperative to work to identify new active therapies for
patients with osteosarcoma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Outcome Measure
EFS

Survival

Event Free Survival and Overall Survival for the 19 patients enrolled in AOST1322

demonstrating that no patients were progression free at 4 months.
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Characteristics of Enrolled Patients

Table 1.

Characteristic
Age in Years at Study Enrollment Mean 16.8 Years
Median 16 Years
Range 12 Years — 25 Years
21 Years or Older 2
Patient Sex Male 12
Female 7
Race White 14
African-American 3
American Indian, Aleutian or Eskimo | 1
Other Race 1
Ethnicity Hispanic 3
Not Hispanic 16
Number of Lesions Measured for RECIST Evaluation | Mean 1.9
Median 2
Range 1-4
Tumor Burden in miIIimeters‘Z Mean 8.6
Median 72
Range 10 - 150.6
Sites of Measurable Disease
Lung 11
Bone 1
Other 3
Lung + Bone 2
Lung + Other 2

'ZThe sum of the longest dimension of all lesions identified by the patient’s physician for assessment of RECIST response.
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