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Abstract: Patients diagnosed with metastatic soft-tissue sarcoma (STS) have a poor prognosis.
Additionally, after failure of first-line therapy, there are relatively few treatment options from
which to choose. The novel tubulin-binding drug, eribulin, with a unique mechanism of action
from taxanes or vinca alkaloids, has shown clinical activity in several different types of cancers.
Eribulin has been approved by the US Food and Drug Administration (FDA) for patients with
metastatic breast cancer previously treated with an anthracycline or a taxane and has recently
been FDA approved for patients with unresectable or metastatic liposarcoma who have failed
a previous anthracycline regimen. Here, we review current standard treatments of STS, a back-
ground of eribulin, the studies that have propelled eribulin to FDA approval for liposarcoma,
and future directions of the drug. The benefits of eribulin in STS are discussed in detail, espe-
cially with regard to the recent pivotal Phase III study comparing eribulin to dacarbazine for
leiomyosarcoma and adipocytic sarcoma.
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Introduction: sarcoma
Sarcomas are a rare presentation of cancer, comprising <1% of adult malignancies
and ~12% of cancers in children.!* They derive from cells of mesenchymal origin, thereby
producing cancers of a broad variety of histopathology. Sarcomas are further divided
into soft-tissue sarcoma (STS) — where the histopathology includes muscle, adipose,
cartilage, blood and lymph vessels, peripheral nerves, and fibrous tissue — and non-STS,
involving bone. STS comprises 80% of all sarcomas. Additionally, in the US, there
are ~12,000 new cases of STSs every year, resulting in almost 5,000 yearly deaths.’
The most life-threatening aspect of sarcomas is their ability to disseminate hemato-
genously. Where sarcomas metastasize, however, is dependent on the tumor type
and primary location.* Metastasized STS generally indicates a poor prognosis with a
median survival ranging between 11 and 15 months but with newer median overall
survival (OS) trends closer to 18 months.> Treating metastatic STS, therefore, usually
abides by the principle of palliation. While evaluating the efficacy of chemotherapy
in metastatic STS, it has become increasingly clear that histologic subtype plays an
important role. Because there are over 50 different histologic subtypes of STSs with
various chemosensitivity profiles and prognoses, many studies assessing treatment
options have been compromised by lumping all STSs into one category.” Given the
palliative nature of treatment for metastasized STS, assessing end points in treatment
has been challenging. There appears to be a disparity between a sarcoma’s objective
response rate and the overall stability of the disease. Assessment of treatments there-
fore often uses OS and progression-free survival (PFS) as end points. Because of the

submit your manuscript

Dove n,u

http:

OncoTargets and Therapy 2016:9 5619-5627 5619
© 2016 Thomas and Movva. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S93517
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:sujana.movva@fccc.edu

Thomas and Movva

Dove

importance in evaluating disease-stabilizing drugs for STS
which may lack dramatic cytoreductive capabilities, baseline
references on PFS have been determined from a clinical trials
database for active and inactive STS regimens to be used in
Phase 11 efficacy studies.’

Among all drug treatments for STS, the most dramati-
cally successful has been the tyrosine kinase inhibitor, ima-
tinib, in gastrointestinal stromal tumors (GISTs). Imatinib
has demonstrated significant efficacy in GISTs in several
clinical circumstances.® With regard to non-GIST STS, the
optimal chemotherapy depends on histology and goals of
care. Single-agent therapies with activity include doxoru-
bicin (ie, an anthracycline) and ifosfamide.’!! For second-/
third-line chemotherapy, dacarbazine, an alkylating agent,
has shown modest efficacy with comparable disease control
to other second-/third-line agents such as ifosfamide but
with more favorable side effects.!?> A recent Phase III study,
however, has shown superiority in PFS of trabectedin over
dacarbazine in metastatic STS patients who already failed
at least two prior regimens."® The trabectedin study, which
included 518 patients, found an improvement in median PFS
of 4.2 versus 1.5 months in the dacarbazine arm (P<<0.001).
The median OS, however, was not significantly improved at
12.4 versus 12.9 months in the trabectedin and dacarbazine
arms, respectively (P=0.37). Pazopanib, the multitargeted
tyrosine kinase inhibitor, has also been shown to significantly
extend PFS, but not OS, in patients who progressed on up
to four lines of standard non-antiangiogenesis inhibitor
chemotherapy.'* The Phase III pazopanib trial, which evalu-
ated 369 patients, found a median PFS of 4.6 months with
pazopanib versus 1.6 months in the placebo arm (P<<0.0001).
The median OS was 12.5 versus 10.7 months in the pazopanib
and placebo arms, respectively (P=0.25).

Taxanes have also been shown to be efficacious as a single
agent in advanced angiosarcoma.'> Other unique sensitivity
profiles specific to certain histologic subtypes include myxoid
liposarcomas, which tend to be more sensitive to doxorubicin
or trabectedin, and synovial sarcoma, which tends to be more
sensitive toward ifosfamide.'*!” Another widely used agent in
STS is gemcitabine, which has been evaluated within several
different contexts of STS. Overall, there has been activity of
gemcitabine alone or with docetaxel as therapy in STS and
specifically leiomyosarcoma. A Phase II study comparing
gemcitabine alone with gemcitabine with docetaxel showed
superiority of gemcitabine/docetaxel for patients with any-
where between zero and three prior treatment regimens.'®
Additionally, a recent Phase II study demonstrated that
gemcitabine with docetaxel had efficacy as first-line therapy
in leiomyosarcoma."

Most combination chemotherapy regimens for metasta-
sized STS include doxorubicin in some variation. Common
combinations include doxorubicin with ifosfamide, doxo-
rubicin with dacarbazine, and doxorubicin with ifosfamide
and dacarbazine. When comparing these combination
regimens with the single-agent doxorubicin, however,
there is no difference in OS despite there being a greater
response rate and longer median PFS when using combina-
tion therapies.?*?! What is also important to note is that the
combination therapies have significantly greater toxicity than
doxorubicin alone.?

Eribulin background

Mode of action
Eribulin’s antitumor activity stems from its novel ability
to disrupt microtubule polymerization, without affecting
depolymerization, by binding a unique site on tubulin. It has
the capacity to sequester tubulin dimers into aggregates that
cannot be utilized by the cell.?>?* The irreversible inhibition
of mitosis which eribulin produces from disrupting microtu-
bule dynamics ultimately results in the arrest of cancer cell
growth and eventual apoptosis via prometaphase blockage.>*
Other than producing an arrest of mitosis, eribulin has also
been shown to inhibit Wnt/B-catenin signaling in small
bowel adenocarcinoma cell line experiments as well as alter
tumor vasculature resulting in greater perfusion and drug
delivery.?>2® Tumor metastasis also seems to be affected by
eribulin via reversing epithelial-mesenchymal transition.”
Preclinical and clinical studies of eribulin were acceler-
ated after it was successfully synthesized from its parent
marine sponge-derived compound, halichondrin B.?%
Preclinically, eribulin was compared to the antimitotic drugs
vinblastine and paclitaxel using in vitro cancer cell lines and
in vivo xenografts. Eribulin was found to inhibit growth of
several cancer lines at significantly lesser concentrations than
vinblastine and paclitaxel while also producing less toxicity.?
In other mouse model experiments, eribulin was shown to
produce less neurotoxicity than other microtubule-directed
cancer drugs.*® Activity of eribulin was seen in the cell lines
of breast, colon, non-small-cell lung, small-cell lung, pros-
tate, ovarian, and head and neck cancers as well as uterine
sarcoma, promyelocytic leukemia, histiocytic lymphoma,
and melanoma.*'

Pharmacology

Eribulin’s action on microtubule dynamics and tubulin
sequestration is concentration dependent.?? Although eribulin
binds B-tubulin at a single site, the maximum stoichiometry
is 15 molecules of eribulin per microtubule — demonstrating
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high binding affinity.** Eribulin fits between two heterodimers
next to the exchangeable-site nucleotide.* The binding site of
eribulin is only at the microtubule plus ends, a site different
from that of other tubulin-binding drugs such as taxanes and
vinca alkaloids.?? Further comparison of eribulin with other
tubulin-binding drugs shows that both eribulin and vinca
alkaloids prevent microtubule polymerization, thereby sup-
pressing the microtubule growth phase, as well as preventing
B-tubulin nucleotide exchange and cross-linking; however,
the microtubule polymers formed by their pharmacologic
stabilization differ between vinca alkaloids and eribulin,
resulting in large stable polymers and smaller unstable poly-
mers, respectively.* Vinca alkaloids also aggregate tubulin
into spirals, while eribulin aggregates tubulin into globular
structures, overall highlighting that pharmacology of eribulin
is different from that of other tubulin-binding drugs.*

Phase | trials

Several Phase I trials have evaluated eribulin in patients with
advanced solid malignancies with regard to maximum toler-
ated dose (MTD) and dosing toxicity. Four Phase I studies
determined MTDs ranging from 1 to 2 mg/m? based on dif-
ferent cycles and infusions. In the first Phase I trial, eribulin
was administered as a weekly bolus for 3 weeks out of 4.
Dose-limiting toxicities (DLTs) of febrile neutropenia and
grade 4 neutropenia occurred at the 2.0 mg/m*week dose
level. Therefore, 1.4 mg/m*week was established as the
MTD. Responses were seen in two patients with non-small-
cell lung cancer (NSCLC) and bladder cancer, and there were
15 patients with stable disease.’* Goel et al determined an
MTD of 1 mg/m?, with maximal dosing to 1.4 mg/m? given
as an intravenous (IV) infusion over 1 hour on days 1, 8, and
15 of a 28-day cycle. Two out of the nine patients maximally
dosed experienced a DLT of grade 4 neutropenia. Three
additional patients experienced grade 3 neutropenia at this
dose level, requiring dose omissions.* Of the 32 patients in
this trial, ten achieved stable disease, and one patient with
cervical cancer had an unconfirmed partial response lasting
several months. Tan et al demonstrated an MTD of eribulin
of 2 mg/m? infused over 1 hour every 21 days. Only one of
seven patients at 2 mg/m? experienced a neutropenic DLT
with other adverse effects including fatigue, anorexia, nau-
sea, and alopecia.’® Additionally, one patient, among the
21 evaluated in this study, with NSCLC had an unconfirmed
partial response, while 12 patients achieved stable disease.
Across the Phase I studies, DLTs were related to neutropenia
and febrile neutropenia. Other adverse events were related
to fatigue, anorexia, alopecia, and nausea. There was also
a low incidence of severe neuropathy. The weekly bolus

schedule was chosen for further development of eribulin.
However, the subsequent Phase II study of eribulin given at
1.4 mg/m? on days 1, 15, and 21 every 28 days had a high
rate of dose delays (63%) due to neutropenia on day 15 of
the first cycle.’” Neutropenia on day 15 had not been included
as a DLT in the first Phase I study of eribulin. A fourth
Phase I study from Japan formally evaluated eribulin as 2- to
10-minute IV injections on days 1 and 8 of a 21-day cycle,
in order to determine whether doses >1.4 mg/m? could be
tolerated. Two of three patients and three of three patients
dosed at 1.4 and 2.0 mg/m?, respectively, experienced DLTs
of neutropenia and febrile neutropenia. Therefore, the authors
recommended a dose of 1.4 mg/m? on days 1 and 8 every
21 days for future trials.

Pharmacokinetics

At the bolus weekly dose given for 3 weeks of 4, eribulin
demonstrated a triphasic elimination and a prolonged half-
life of 36-48 hours. At the MTD of 1.4 mg/m?, the con-
centration of eribulin was above that required for in vitro
cytotoxicity for >1 week.** When given as an infusion
over an hour on the same schedule, there was linear phar-
macokinetics, and the dose was proportional over the range
of 0.25-1.4 mg/m?. The plasma concentration—time profile
exhibited a rapid distribution phase with a mean distribution
half-life of =0.43 hours followed by a slower elimination
phase with a half-life of 38.7 hours.* Eribulin given over
1 hour every 3 weeks demonstrated an extensive volume of
distribution and a slow-to-moderate clearance and a plasma
terminal half-life of ~2 days.** Minimal urinary excretion
was seen across all studies. When eribulin was administered
as a bolus at 1.4 mg/m? on days 1 and 8 every 21 days, there
was triphasic pharmacokinetics over the dosing range of
0.7-2.0 mg/m>. A long terminal half-life of 36.4-59.9 hours
was again noted, with low systemic clearance and a high
volume of distribution.

Eribulin in the treatment of cancer

Outside of sarcoma, there have been three randomized
Phase I1I trials evaluating eribulin: two in metastatic breast
cancer and one in advanced NSCLC. The EMBRACE trial
included patients who had either metastatic or locally recur-
rent breast cancer and who had already been treated with
between two and five prior chemotherapies which included
a taxane and an anthracycline. Eribulin 1.4 mg/m? for
2-5 minutes on days 1 and 8 of a 21-day cycle was compared
to treatment of physician’s choice. The study demonstrated
an OS of 2.5 months greater in the eribulin arm (13.1 versus
10.6 months; hazard ratio [HR] =0.81, 95% confidence
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interval [CI] =0.66-0.99; P=0.041), with response rates of
12% versus 5% (P=0.002) in patients treated with eribulin
versus physician’s choice, respectively.* There was no dif-
ference in PFS between the two groups. The results were con-
firmed in an updated analysis as requested by the European
and the US regulatory authorities. The most common toxici-
ties were fatigue, neutropenia, and asthenia. Five percent of
patients had peripheral neuropathy leading to discontinuation
of eribulin, with grade 3 or 4 neuropathy occurring in 8% of
patients. The EMBRACE trial led to eribulin’s US Food and
Drug Administration (FDA) approval in 2010 for metastatic
breast cancer in patients previously treated with an anthra-
cycline or a taxane. A separate Phase I1I study of eribulin in
metastatic breast cancer compared eribulin to capecitabine
in patients treated with up to three prior chemotherapy
agents. Patients were required to have been treated with an
anthracycline and a taxane previously. There was no differ-
ence in OS, PFS, or response rate between the two drugs.*
This difference in outcome may be due to the impact of
post-progression therapies as patients in the latter trial were
exposed to eribulin earlier in their disease course than in the
EMBRACE trial. When data from both Phase III trials were
pooled, however, eribulin was found to improve OS in all
patient subgroups including HER2-negative disease.*!

In advanced NSCLC, eribulin was once again compared
to physician’s choice therapy. Patients were required to
have been treated with at least two different chemotherapy
regimens. Despite promising Phase II data, the Phase 111 trial
did not demonstrate any significant difference in OS or PFS
between the two treatment options.** Although the Phase III
data of eribulin in NSCLC were disappointing, efficacy of the
drug in other cancers is being realized. Apart from the FDA
approval of eribulin in metastatic breast cancer, there have
been Phase Il trials evaluating eribulin in ovarian, pancreatic,
and metastatic castration-resistant prostate cancer.*¢

Eribulin in sarcoma

Eribulin has shown antitumor activity in preclinical models
of fibrosarcoma and leiomyosarcoma xenografts.*’ Eribulin
was first evaluated clinically in STS in a non-randomized,
multicenter Phase II trial.*® Patients enrolled were allowed
to have previously received only one combination che-
motherapy regimen or two single-drug regimens for their
advanced disease. The study included 128 patients, stratified
by subtype: leiomyosarcoma (n=40), adipocytic sarcoma
(n=37), synovial sarcoma (n=19), and others (n=32). Eribulin
was administered at a dose of 1.4 mg/m? as 2- to 5-minute
infusions on days 1 and 8 every 21 days. Eighty-nine percent

of patients had received doxorubicin previously. The primary
end point was PFS at 12 weeks after the start of therapy
until disease progression or intolerance. Eribulin reached
the predefined statistical targets of PFS in leiomyosarcoma
and adipocytic sarcoma, with 31.6% and 46.9% of patients
meeting the primary end point, respectively.*® Among the
leiomyosarcoma patients, the rate of PFS was comparable
irrespective of whether the tumor was derived from the
female reproductive tract or not. Likewise, for the patients
with adipocytic sarcomas, the statistics were comparable
among dedifferentiated, pleomorphic, myxoid, round cell,
and histological subtypes not otherwise specified. Best
overall response as per Response Evaluation Criteria in Solid
Tumors was 4.3% for the entire cohort, with one complete
response in a patient with dedifferentiated liposarcoma.

Despite not meeting the statistical targets in the other
subtypes of STSs, responses to eribulin treatment were seen,
most notably in fibroblastic sarcoma, malignant solitary
fibrous tumor, and epithelioid sarcoma — subtypes of sarco-
mas known for being relatively refractory to chemotherapy.
The Phase II trial also demonstrated that when given at
1.4 mg/m? as 2- to 5-minute IV infusions on days 1 and 8
of 21-day cycles, the drug produced relatively manageable
side effects, which confirmed the corollary Phase I trial from
Japan.*® The most prevalent adverse reactions were hemato-
logical in nature. These included grade 3—4 leucopenia and
neutropenia with only 6% of patients developing grade 3
febrile neutropenia. The non-hematologic adverse reactions
were rare and included mucositis, gastrointestinal toxicity,
and sensory neuropathy. The sensory neuropathy was present
in approximately one-third of the patients in the study but
was reportedly reversible in some patients upon continuous
exposure. A second, smaller Phase II multicenter study in
Japan also evaluated eribulin in previously treated patients
with progressive disease. The trial enrolled 51 patients,
most of whom had either leiomyosarcoma or adipocytic
sarcoma. The 12-week progression-free rate and PFS in the
combined group of leiomyosarcoma and adipocytic sarcomas
were 60% and 5.5 months, respectively. The progression-
free rate at 12 weeks in the other cohort was 31.3%. The
most common side effects were neutropenia, leukopenia,
and lymphopenia.*

To confirm these findings, a randomized multicenter
Phase III study of eribulin compared to dacarbazine in
patients with leiomyosarcoma and adipocytic sarcoma was
conducted.® The study enrolled 452 patients who had already
received at least two systemic treatment regimens including
an anthracycline with advanced high-/intermediate-grade
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leiomyosarcoma or adipocytic sarcoma of dedifferentiated,
myxoid, round cell, or pleomorphic variants. Up to grade 2
sensory neuropathy per Common Terminology Criteria for
Adverse Events was allowed. Patients received eribulin at
the same dose as in the Phase Il trial. The dacarbazine dose
was required to be prespecified by the treating physician and
could be administered at 850, 1,000, or 1,200 mg/m? every
21 days. The primary end point of the study was OS with
PFS as a secondary end point. The study also explored other
secondary end points of progression-free rate at 12 weeks,
safety/tolerability, objective response rate, and health-related
quality of life.

Median OS was found to be 13.5 versus 11.5 months in
the eribulin and dacarbazine arms, respectively (HR =0.768,
95% CI =0.618-0.954; P=0.0169). The OS was longer
than predicted in both study arms based on historical data,
which had predicted a 2.5-month OS benefit in the eribulin
arm over dacarbazine. The median PFS was 2.6 months in
both arms (HR =0.877, 95% CI =0.710-1.085; P=0.2287).
Progression-free rate at 12 weeks between the two arms
was also not significantly different: 33% in the eribulin arm
and 28.6% in the dacarbazine arm (odds ratio =1.3, 95%
CI =0.8-1.9; P=0.253). The objective response rate and
rate of stable disease were similar between the two groups:
3.9% and 52.2% and 4.9% and 47.8% for the eribulin and

dacarbazine arms, respectively. After stratification, median
OS in patients with adipocytic sarcoma was 15.6 versus
8.4 months in eribulin and dacarbazine, respectively
(HR =0.511, 95% CI =0.346-0.753). In leiomyosarcoma,
however, the median OS was 12.7 versus 13 months in the
eribulin and dacarbazine arms, respectively (HR =0.927,
95% CI =0.714-1.203). Post-study treatments (eg, che-
motherapy, surgery, radiotherapy) were fairly comparable
between the two study arms. In the eribulin arm, 69.3% of
patients received post-study therapy versus 62.9% in the
dacarbazine arm. Naturally, the major difference between
the two populations was that more patients in the eribulin
arm received post-study dacarbazine (34.2% versus 7.6%).
In the dacarbazine arm, 2.7% of patients received post-study
eribulin. As a point of comparison, Table 1 outlines the effi-
cacy parameters of eribulin for each Phase III trial in breast
cancer, NSCLC, and STS. Additionally, Table 2 outlines the
efficacy parameters and major adverse effects of eribulin in
all Phase II/I11 trials in STS.

Overall, the authors of this study concluded that eribulin
met its primary outcome in the study by significantly pro-
longing OS; however, with the disparity in post-study drug
treatment between the two arms, it is fair to speculate whether
or not post-study dacarbazine treatment in patients initially
receiving eribulin may have skewed eribulin’s true benefit

Table | Efficacy parameters in Phase lll clinical trials of eribulin in breast cancer, non-small-cell lung cancer, and soft-tissue sarcoma

Study Eribulin dose Response rate Median progression- Overall survival
free survival (months) (months)
Cortes et al’*’: breast cancer
Eribulin |.4 mg/m? on days | 13.0% 37 13.1
Control (physician’s choice) and 8 of 21-day cycle 5.0% 22 10.6
P=0.002 P=0.137 P=0.041
Kaufman et al*’: breast cancer
Eribulin 1.4 mg/m? days on | 11.0% 4.1 15.9
Control (capecitabine) and 8 of 21-day cycle 11.5% 42 14.5
P=0.85 P=0.30 P=0.056
Spigel et al*’: non-small-cell lung cancer
Eribulin |4 mg/m? on days | 12.2% 3.0 9.5
Control (physician’s choice) and 8 of 21-day cycle 15.2% 28 9.5
NR P=0.395 P=0.134
Schoffski et al®’: soft-tissue sarcoma
Eribulin |.4 mg/m? on days | 4.0% 2.6 13.5
Control (dacarbazine) and 8 of 21-day cycle 5.0% 2.6 1.5
P=0.62 P=0.23 P=0.0169
Schoffski et al*’: leiomyosarcoma
Eribulin |.4 mg/m? on days | NR NR 12.7
Control (dacarbazine) and 8 of 2|-day cycle NR NR 13
Schoffski et al*’: adipocytic sarcoma
Eribulin |.4 mg/m? on days | NR NR 15.6
Control (dacarbazine) and 8 of 21-day cycle NR NR 8.4
Abbreviation: NR, not reported.
OncoTargets and Therapy 2016:9 submit your manuscript 5623
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Table 2 Efficacy parameters and adverse effects in Phase Il and Phase Il clinical trials of eribulin in STS

Study Dose Response Median progression- Overall Most common adverse
rate free survival (months) survival effects (grade =3)
Schoffski et al*®
Leiomyosarcoma (n=38) |.4 mg/m? on days | and  0.0% (n=0) 2.9 NR Neutropenia (52%),
Adipocytic (n=32) 8 of 21-day cycle 6.0% (n=2) 2.6 NR leucopenia (35%), anemia
Synovial (n=19) 5.0% (n=1) 2.6 NR (7%), and fatigue (7%)
Other STS (n=26) 4.0% (n=1) 2.1 NR
Naito et al*®
Adipocytic/leiomyosarcoma (n=52) 1.4 mg/m? on days | and  0.0% (n=0) 5.5 NR Neutropenia (86%),
8 of 21-day cycle leucopenia (75%), anemia
(11.8%), and fatigue (7.8%)
Schoffski et al*®®
Adipocytic/leiomyosarcoma (n=228) 1.4 mg/m?*on days | and 4.0% (n=9) 2.6 13.5 Neutropenia (35%),

8 of 21-day cycle

leukopenia (10%), and
anemia (7%)

Abbreviations: STS, soft-tissue sarcoma; NR, not reported.

in these patients. In this regard, the end point of OS can be
a misleading assessment tool of patients with poor prog-
noses and who typically (and ethically) receive post-study
treatments after failing an intervention drug. Data from the
Phase 111 trial have recently led the FDA to approve eribulin
for use in patients with unresectable or metastatic liposar-
coma previously treated with an anthracycline-containing
regimen. The results from this Phase III trial in STS were
remarkably similar to that in breast cancer, where an OS
benefit was seen without a difference in PFS. There was,
however, a difference in favor of eribulin in breast cancer for
objective response rate. This has led investigators to hypoth-
esize that eribulin’s activity in these diseases may be due to
a novel mechanism of action on tumor microenvironment,
such as epithelial-to-mesenchymal transition.

Safety and tolerability

Eribulin’s tolerability profile has been well documented
among a multitude of patients, especially in the Phase III
studies on breast cancer and STS, which have been con-
sistent with eribulin’s Phase I studies. In the EMBRACE
trial, the most common adverse effects in the 270 patients
taking eribulin were fatigue (54%), neutropenia (52%), and
alopecia (45%). Grade 3 or 4 adverse events that occurred
more frequently with eribulin compared to physician’s choice
therapy included neutropenia (45%), leucopenia (14%), and
peripheral neuropathy (8%).** In the STS Phase I1I trial, the
most common adverse events in the eribulin arm included
neutropenia (43.8%), fatigue (43.8%), and nausea 40.3%.
Grade 3 or 4 events that occurred more commonly in the
eribulin arm than in the dacarbazine arm included neutro-
penia (35.4%), fatigue (3.1%), nausea (0.9%), constipation

(0.9%), pyrexia (0.9%), and peripheral sensory neuropathy
(1.8%). More patients in the dacarbazine arm experienced
thrombocytopenia, anemia, and asthenia. A recent study®
demonstrating superiority of trabectedin versus dacarba-
zine in the management of patients with refractory STS
was associated with a 37% and a 17% rate of grade 3 or 4
neutropenia and thrombocytopenia, respectively. There was
also a grade 3 or 4 rate of alanine aminotransferase increase
and aspartate aminotransferase increase in 26% and 13% of
patients, respectively. In the Phase III eribulin trials, grade 3
or 4 peripheral neuropathy occurred at a range of 1.8%—8%,
with discontinuation of study drug in ~5% of patients. Both
the EMBRACE trial and the STS Phase III trial allowed for
patients with preexisting neuropathy up to grade 2 and simi-
larly found that in some patients with grade 3 or 4 peripheral
neuropathy who continued treatment, there was improvement
to a lower grade.

Quality of life

Quality of life of patients receiving eribulin was specifically
assessed in the metastatic breast cancer trial of eribulin versus
capecitabine.®” Patients in this trial were evaluated using
the European Organization for Research and Treatment of
Cancer Quality-of-Life Questionnaire-Core 30 questions and
breast module-23 questions. Data were collected at baseline
and for 2 years following initiation of treatment or until dis-
ease progression or start of a new treatment. The post hoc
analysis of quality of life found that the majority of patients
on eribulin maintained or improved their functioning with
regard to their baseline.’! With regard to symptoms, patients
taking eribulin were most affected by systemic side effects
of dry mouth, different tastes, irritated eyes, hot flashes,
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feeling ill, and upset by hair loss, as opposed to those on
capecitabine, who suffered more from gastrointestinal
adverse effects (eg, diarrhea and vomiting). Patients in the
eribulin arm also had significantly worse scores for sexual
functioning and body image.

Conclusion and perspectives
Eribulin is a novel microtubule inhibitor, possessing manage-
able adverse effects, and FDA approved for metastatic breast
cancer for patients previously treated with an anthracycline
or a taxane and recently approved for patients with unresect-
able or metastatic liposarcoma previously treated with an
anthracycline-containing regimen. The recent Phase III trial
in STS demonstrated that treatment with eribulin results in
a benefit in OS but not PFS for patients previously treated
with an anthracycline and at least one other regimen. When
stratified by histology, the benefit in OS was seen in the adipo-
cytic sarcoma group and not the leiomyosarcoma group. The
improvement in OS and not PFS is intriguing and similar to the
data on breast cancer. A difference in OS without a difference
in the radiographic progression of the tumor in both cancers
may indicate that eribulin’s effect on OS may pertain to its
alteration of the tumor’s microenvironment. Tubulin-binding
drugs have been widely implicated in targeting tumor vascula-
ture either by preventing neo-vascularization or by disrupting
already existing tumor vasculature.’>*® It has been suggested
in breast cancer xenografts that eribulin is novel in the sense
that as a tubulin-binding drug, it neither disrupts preexisting
vasculature nor inhibits angiogenesis but rather increases
tumor perfusion.?® Altering the tumor’s hypoxic microenvi-
ronment may contribute to an effect the drug may have on
preventing tumor metastasis. Eribulin has also been shown to
interfere with metastasis in both in vitro and in vivo experi-
ments with regard to epithelial-mesenchymal transition.”’

The lack of survival benefit in the leiomyosarcoma cohort
is also of interest. A study of dacarbazine in the treatment of
STS as second- or third-line therapy, demonstrated no activity
in the seven patients with liposarcoma. Two patients had a
partial response, and two patients had stable disease in the
14 patients with leiomyosarcoma. In fact, overall, the LMS
patients comprised the two of three responses noted in study
on different STS subtypes.'? By definition, more patients
in the eribulin arm of the Phase III STS study received
dacarbazine post-progression. Exposure to the active drug
dacarbazine may have therefore masked an OS benefit in the
LMS cohort of patients.

In addition to the results seen with eribulin in STS, two
other relatively new agents, trabectedin and pazopanib,

have recently been studied in the Phase III setting and have
been FDA approved for STS in the US. Trabectedin was
compared in a similar fashion to dacarbazine in patients with
liposarcoma or leiomyosarcoma who received doxorubicin
and at least one other prior regimen. In contrast to eribulin,
however, a PFS benefit, but not OS benefit, was seen. In the
PALETTE study,' pazopanib when compared to placebo
in refractory sarcoma also demonstrated a PFS but not OS
benefit. The PALETTE study did not include adipocytic STS
patients due to lack of efficacy in this cohort in the Phase 11
study; therefore, the PFS benefit with pazopanib only pertains
to non-adipocytic STS. Similarly, eribulin’s Phase III data
do not extend to other STS subtypes as the primary end point
was not met for these cohorts in the Phase II study. Because
eribulin’s efficacy in STS is in prolonging OS rather than
PFS, taken together, these three new drugs offer different
benefits for patients with different treatment goals, and dif-
ferent histologic STS subtypes. Though prolonging OS is
considered the gold standard end point of drug trials, control
of disease progression is also meaningful, as it may provide
palliation of tumor-related symptoms such as shortness of
breath or pain. Patients from the Phase III eribulin study in
STS did undergo health-related quality of life assessments,
and these data are awaited. It is also important to note that
trabectedin, pazopanib, and eribulin do not generate signifi-
cant shrinkage in tumor size with only a small percentage of
patients in each respective study achieving, at best, a partial
response: 9.9% with trabectedin, 6% with pazopanib, and
4% with eribulin.!*'*5° This is in contrast to the historical
data for doxorubicin in first-line therapy for STS showing
significantly more patients achieving partial responses and
some with complete responses.’

Finally, in vitro data have suggested synergy of eribulin
with other chemotherapeutic agents. It has been suggested
that eribulin may promote vascular perfusion of tumors;
therefore, using eribulin in combination with another che-
motherapy agent may have synergistic effects. Because a
significant portion of patients in the eribulin arm from the
Phase IIT study received post-study drug, the OS benefit
with eribulin could be partly due to an enhanced effect by
subsequent chemotherapy via vascular remodeling.** Greater
perfusion of the tumor could result in greater perfusion of
drugs into what typically is a relatively hypoxic environment.
A Phase [ study has combined gemcitabine with eribulin, and
data from other novel combinations are awaited.>
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