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Abstract: Breast cancer remains a leading cause of cancer-related death internationally. Treat-
ment approaches for metastatic breast cancer have evolved in recent years; however chemo-
therapy remains a core component for the majority of patients. Agents such as anthracyclines
and taxanes have been extensively studied and form standard treatment. Eribulin mesylate is a
novel synthetic microtubule-directed chemotherapy, based on a naturally-occurring compound.
Through phase I studies, eribulin was found to be tolerable and activity was seen in patients
with metastatic breast cancer. Phase II studies in metastatic breast cancer further demonstrated
its efficacy, with responses and survival which compare favorably with other studied chemo-
therapy agents. The phase IIl EMBRACE study showed superior survival for patients treated
with eribulin compared with those who received a physician’s choice control. This led to its
approval for use in many countries in this setting. Its toxicity profile is well established and
manageable for the most part, with the commonest reported toxicities being alopecia, fatigue,
neutropenia and peripheral neuropathy. A second reported phase 111 study comparing eribulin
to capecitabine failed to show an improvement in survival in pretreated patients. This article
reviews the clinical pharmacology and mechanism of action of eribulin, and summarizes the
results of the major preclinical and clinical studies of eribulin in metastatic breast cancer.
Keywords: eribulin, breast cancer, metastatic breast cancer, review, new treatments,
chemotherapy

Introduction

Breast cancer is the commonest cancer in women, affecting almost one in eight women
worldwide,' and the second most common cause of cancer deaths in women. Despite
advances in the treatment of breast cancer, 4%—-10% of women will present with
metastatic or incurable disease.? Furthermore, up to 30% of patients with early-stage
tumors will develop distant metastases after primary treatment. For these women, no
curative treatment approach exists at present. In that setting, the goals of treatment
are to prolong survival and maximize quality of life by optimizing disease control.
A range of effective therapies are available, which are increasingly tailored to an
individual patient’s tumor biology. As most breast cancers express the estrogen
receptor, an important aspect of treatment is the use of endocrine therapy. However,
chemotherapy plays an important part in the management of patients with tumors that
develop resistance to these treatments. Another validated therapeutic target is human
epidermal growth factor receptor 2 (HER2). For tumors that overexpress HER2, the
natural history of this disease has been significantly altered by the advent of effective,
well tolerated targeted therapies. Despite this progress, the most effective treatment
strategies have generally combined anti-HER2 agents with cytotoxic chemotherapy.
Finally, for patients with tumors that lack expression of the estrogen receptor, HER2,
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and progesterone receptor, chemotherapy plays a critical
role in systemic therapy. In fact, these so-called “triple”
negative tumors are generally among the most sensitive to
chemotherapy. Hence, despite significant biological hetero-
geneity, chemotherapy continues to play a major role in the
treatment of metastatic breast cancer, particularly for women
with severe symptoms or extensive visceral metastases, in
whom early tumor response is most critical.

Chemotherapy

Breast cancer is, in general, a chemosensitive disease, and a
range of active agents are available. Anthracyclines and tax-
anes are considered to be among the most active treatments
for breast cancer. These agents are prescribed frequently
as initial treatment for patients with early-stage cancers as
well as for those with metastatic disease. However, there
are two major limitations with their use for patients with
metastatic breast cancer (MBC). First, prior exposure often
leads to tumor resistance. Second, there is a risk of cumu-
lative toxicities, including cardiac damage and peripheral
neuropathy. Therefore, novel approaches are needed. For
patients whose disease has progressed on these agents, or who
are unable to tolerate them, there is no universally accepted
standard therapy. Agents such as capecitabine,® gemcitabine,*
vinorelbine,’ and ixabepilone® have demonstrated activity
in this setting and are frequently used. However, efficacy
data are mostly from Phase II studies in this population and
comparative studies are lacking.’

Microtubule agents

Chemotherapy agents acting on microtubules have demon-
strated activity against multiple cancers, including breast
cancer. Microtubules form an integral part of many intracel-
lular processes, including maintenance of cell structure, trans-
port of intracellular components, cell signaling, and mitosis.’
These structures are tube-shaped filaments composed of
o-tubulin and B-tubulin heterodimers, which form highly
dynamic polymers. Exploitation of their vital importance in
mitosis and cell division has led to development of some of
the most effective systemic chemotherapy drugs, with the
taxanes and vinca alkaloids being the most widely studied.
Broadly, these drugs exert their antineoplastic effect on the
dynamics of microtubules, with taxane drugs thought to act
as microtubule stabilizers and vinca alkaloids as destabilizers.
Vinca alkaloids (eg, vincristine, vinblastine, vinorelbine,
vinflunine) were the first class of microtubule-targeting
drugs, isolated over 50 years ago from periwinkle leaves.
These agents are thought to act by binding to B-tubulin and

inhibiting polymerization into microtubules. They are cur-
rently in clinical use in a wide range of cancers including
lung cancer, lymphoma (Hodgkin and non-Hodgkin), leuke-
mia, germ cell tumors, and breast cancer. The first and most
widely studied taxane drug to be developed clinically was
paclitaxel, an agent derived from the bark of the Pacific yew
tree. Subsequently, other taxanes such as docetaxel, and more
recently cabazitaxel, have been synthesized and are now also
used in clinical practice. These drugs have shown activity in
arange of solid tumors, including cancers of the breast, lung,
stomach, bladder, and ovary, as well as germ cell tumors.
Many of the microtubule-targeting agents have similar tox-
icities, ie, myelosuppression, peripheral neuropathy, nausea,
and fatigue. The commonly prescribed taxanes, docetaxel
and paclitaxel, have additional issues related to solubility.
They require the use of solvents such as polysorbate 80 for
docetaxel and Cremophor® EL for paclitaxel. The solvents
themselves are also recognized as causing adverse effects
such as hypersensitivity reactions. As noted, taxanes exert
their anticancer effect by binding to tubulin and stabilizing
the microtubule, preventing disassembly and leading to
apoptosis and cell death. Recent work has suggested that the
mechanism of action of these drugs may be more complex
than previously thought, and may involve inhibiting the
dynamics of microtubules.® Hence, there has been intense
interest in microtubule-directed cancer treatment in recent
years, with the development of several new agents.’

Eribulin

Eribulin mesylate is a novel compound derived from
halichondrin B, a large polyether macrolide found in marine
sponges including Halichondria okadai. Halichondrin B
was first noted to have potent anticancer activity in vitro
almost 30 years ago. However, clinical development was
hampered by the lack of availability of the naturally occur-
ring compound in sufficient quantities. Marine harvesting
was sponsored by the National Cancer Institute, which
allowed this naturally occurring compound to be studied
and ultimately led to the development of eribulin (E7389),
a synthetic analog.'® Structurally, eribulin is a simplified
halichondrin analog with biochemical effects similar to those
of the parent compound since the active macrocyclic lactone
moiety is preserved.'' Eribulin has a unique mechanism of
action, with a tubulin binding site that appears to be different
from the taxane and vinca binding sites on the positive end
of the microtubule (Figure 1). In practical terms, eribulin
exerts its cytotoxic effect by inhibiting microtubule growth
and sequestering tubulin, ultimately causing G,-M cell
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Figure | Mechanisms of action of eribulin mesylate.

cycle arrest and cell death through apoptosis (Figure 2).'?
Eribulin has shown preclinical activity against a number
of human cancer cell lines and xenografts,'® with a wide
therapeutic index, making it attractive for clinical develop-
ment. Notable activity was seen in breast cancer cell lines,
in which setting eribulin was more potent than vinblastine
or paclitaxel. In addition, eribulin demonstrated marked
activity in paclitaxel-resistant ovarian cancer cell lines."
Eribulin was also found to have extensive distribution, with
prolonged elimination primarily through feces,'* and was
predominantly metabolized by cytochrome P450 3A4."
It is of particular interest that eribulin can be administered
without premedication, largely as a result of the lack of need
for drug vehicles such as polysorbate 80 or Cremophor EL
which are responsible for many of the hypersensitivity
reactions seen with taxanes.

Phase | studies

Several reported Phase I studies with eribulin used a series

of different dosing regimens and frequencies (Table 1).'¢20

Two studies used a weekly schedule, in which treatment was

Q Eribulin binds to (+) end of tubule only

A\ Paclitaxel binds to B-tubulin inside tubule

* Vinblastine binds to sides as well as (+) end of tubule

Figure 2 Binding sites of microtubule-targeting chemotherapy agents.

given on days 1, 8, and 15 of a 28-day cycle.'®!” These stud-
ies suggested that the maximum tolerated dose of eribulin
was 1.0 and 1.4 mg/m?, respectively.'®!” A similar maximum
tolerated dose of 1.4 mg/m? was seen when eribulin was
administered weekly on days 1 and 8 of a 21-day cycle.'®
When treatment was administered once every 21 days, the
maximum tolerated dose was 2 mg/m?."

Consistently in these studies, neutropenia was the most
common dose-limiting toxicity. For example, in a study using
the weekly regimen by Synold et al one patient developed
dose-limiting toxicity of grade 3 febrile neutropenia and
another experienced grade 4 neutropenia at the 2.0 mg/m?
dose.'® In the study by Goel et al which also used the weekly
regimen, neutropenia (grade 3 or 4) was seen in three (33%)
patients on day 15 at the 1.4 mg/m? dose level, and a further
two (22%) had neutropenia as a dose-limiting toxicity at this
level.'” Grade 3/4 neutropenia was seen in all six patients at
the 1.4 mg/m? dose and in all three patients at the 2.0 mg/m?
dose in the study by Mukohara et al.'® Febrile neutropenia was
also noted in patients at these dose levels. At the highest dose
level tested by Tan et al in a 21-day cycle (4 mg/m?), all three
patients developed febrile neutropenia.’” At the 2.0 mg/m?
dose established as the maximum tolerated dose in this study,
febrile neutropenia was recorded in only one (14%) patient.

Pharmacokinetic analyses yielded similar results in all of
these studies, ie, eribulin was characterized by rapid distribu-
tion, an extensive volume of distribution, slow to moderate
clearance, and slow elimination with a terminal half-life of
36—48 hours. Renal clearance of eribulin was only 5%—10%,
suggesting the major route of metabolism was hepatic. To
further investigate the effect of hepatic impairment on the
tolerability of eribulin, a Phase I study was performed in
patients with mild to moderate hepatic impairment. The
results of this study demonstrated that eribulin could be
administered at doses of 1.1 mg/m? in patients with mild
hepatic dysfunction and 0.7 mg/m? in patients with moderate
dysfunction, due to increased exposure to the drug caused
by delayed clearance.” Encouraging responses, including
partial responses by Response Evaluation Criteria In Solid
Tumors criteria, were seen in patients in all of these stud-
ies. Given these findings and the preclinical activity seen
in breast cancer cell lines, eribulin was brought to further
clinical development, and the weekly schedule was used in
the majority of studies due to favorable toxicity results.

Phase Il studies in breast cancer
Collectively, these Phase I studies showed that eribulin was
well tolerated. Subsequently, the activity of eribulin, mostly
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Table | Summary of Phase | studies of eribulin mesylate

References Year of Schedule Patients Most common MTD (mg/m?) DLT Responses
publication (n) primariest
Synold et al'® 2005 Bolus 40 Lung (23%) 1.4 mg/m? G3 febrile neutropenia 2 PR
dl, 8, 15q28 Breast (10%)
Goel et al"” 2009 | hour infusion 32 Colorectal (25%) 1.0 mg/m? G3 fatigue (0.5 mg/m?) I PR (NC)
dl, 8, 15 q28 Ovarian (19%) G4 neutropenia,
G3 fatigue (1.4 mg/m?)
Tan et al"? 2009 | hour infusion 21 Lung (29%) 2.0 mg/m? G4 febrile neutropenia | PR (NC)
dl q21 Kidney (19%)
Mukohara etal'® 2012 5 min infusion 15 Lung (20%) 1.4 mg/m? G3 febrile neutropenia 3 PR
dl, 8 q21 Breast (13%) G4 neutropenia

Note: *Values rounded to nearest percentage.

Abbreviations: MTD, maximum tolerated dose; DLT, dose-limiting toxicity; q28, every 28 days; q21, every 2| days; G3, grade 3 by NCI CTCAE; G4, grade 4 by NCI
CTCAE; PR, partial response; NC, not confirmed; NCI CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events.

in a weekly schedule, was investigated in MBC in a series
of Phase II studies (Table 2).21"%2® Most of these studies
included patients who had been extensively pretreated with
chemotherapy.?'**¥ Given the potential concerns about neu-
rotoxicity from microtubule agents, one study examined the
incidence of peripheral neuropathy as the primary endpoint
in a second-line treatment setting.”® More recently, two other
studies have evaluated the activity of eribulin in the first-line
setting for MBC.24%

In the study by Vahdat et al*! patients with progressive
MBC after anthracycline and taxane chemotherapy were
initially treated with eribulin at a dose of 1.4 mg/m? on
days 1, 8, and 15 of a 28-day cycle. As a result of frequent
recording of neutropenia on day 15 and subsequent dose
omission, the treatment regimen was amended to 1.4 mg/m?
on days 1 and 8 every 21 days. The median number of prior
chemotherapy regimens was four (1-11). In the per pro-
tocol population of 87 patients, an objective response rate
(ORR) of 11.5% was achieved (95% confidence interval
[CI] 5.7-20.1). All of these responses were partial; there
were no recorded complete responses. The clinical benefit

rate, defined as response or stable disease for >6 months,
was 17.2% (95% CI 10.0-26.8). The median duration of
response (DOR) was 5.6 months, progression-free survival
(PFS) was 2.6 months, and median overall survival was
9.0 months. As predicted from the Phase I studies, the most
common grade 3/4 toxicity was neutropenia, which occurred
in 66 (64%) patients. Other toxicities included alopecia,
leukopenia, and fatigue. Importantly, grade III neuropathy
was seen in only five (5%) patients.

The study by Cortes et al** enrolled 299 patients across a
number of sites in the USA and Europe. Similar to the previ-
ous trial, patients in this study were also heavily pretreated,
with a median of four (range 1-6) prior chemotherapy regi-
mens. Treatment consisted of eribulin 1.4 mg/m? on days 1
and 8 of a 21-day cycle. The ORR for the eligible patients
(n=269) was 9.3% (95% CI 6.1-13.4), and the clinical
benefit rate was 17.1% (95% CI 12.8-22.1). Median DOR
was 4.1 months, median PFS was 2.6 months, and median
overall survival was 10.4 months. Again, neutropenia was the
dominant recorded grade 3/4 toxicity (54%), although febrile
neutropenia was uncommon (5.5%). Grade 3 peripheral

Table 2 Phase Il studies of eribulin mesylate in metastatic breast cancer

References Year of Schedule Median prior Median prior ORR PFS OS G3/4 G3/4
publication chemotherapy = chemotherapy neutropenia  neuropathy
Patients (n) regimens

Vahdat et al*' 2009 1.4 mg/m?dl, 8, 15 q28; 103 4 11.5% 2.6 9 64% 5%

Cortes et al?? 2010 1.4 mg/m?dl, 8 q21 299 4 9.3% 2.6 104 54% 6.9%

Aogi et al® 2012 As above 8l 3 21.3% 3.7 1.1 95% 3.7%
Mclntyre et al* 2014 As above 56 0 28.6% 6.8 NR  50% 20%
Vahdat et al® 2013 As above 101 NR 154% 3.1 NR 31% 10%

Wilks et al® 2014 1.4 mg/m*dl, 8 q21 + 52 0 712% 11.6 NR 26.9% 38.5%

trastuzumab 6 mg/kg q21

Abbreviations: ORR, objective response rate; PFS, progression-free survival (months); OS, overall survival (months); G3/4, grade 3 to 4 by NCI CTCAE; q28, every 28 days;
q21, every 21 days; NCI CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events; NR, not reported.
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neuropathy was seen in 6.9% of patients, but the major-
ity of patients with pre-existing neuropathy (78%) did not
experience worsening of their symptoms. Overall, sensory
neuropathy was reported by 78 (26.8%) patients.

A third study, in a Japanese population, was reported by
Aogi et al.* This group of 81 patients was previously treated
with anthracycline and taxane chemotherapy, and had a median
of three (range 1-5) previous regimens. Eribulin was admin-
istered at a dose of 1.4 mg/m? on days 1 and 8 of a 21-day
cycle. In this study, an ORR of 21.3% (95% CI 12.9-31.8)
was observed, with a clinical benefit rate of 27.5% (95% CI
18.1-38.6). Median DOR was 3.9 months, median PFS was
3.7 months, and median overall survival was 11.1 months.
Grade 3/4 neutropenia was seen in 77 (95.1%) patients, and
febrile neutropenia in eleven (13.6%). Additional toxicities
were seen at frequencies similar to those in the other studies,
with sensory neuropathy recorded in 19 (23.5%) patients
overall, and being grade 3 in three (3.7%) patients.

Two studies have been recently reported using eribulin
in first-line treatment of MBC. In the study by Mclntyre et
al?* 56 patients with recurrent or MBC without expression of
HER?2 were recruited. The treatment was delivered in a 21-day
schedule similar to previous studies. The majority of patients
(79%) had estrogen receptor-positive disease, and liver or lung
metastases (84%). The median interval from diagnosis of breast
cancer was 2.7 years. This study showed an impressive ORR
0f 28.6% (95% CI 17.3—42.2) and the clinical benefit rate was
51.8% (95% CI 38.0-65.3). The median DOR in this study
was 5.8 months and median PFS was 6.8 months. Notably,
33 (59%) patients in this study had received an anthracycline
and/or a taxane as adjuvant therapy. The activity of eribulin in
this setting was similar to the overall study population. Grade
3 or greater neutropenia was recorded in 32 (50%) patients
and eleven (20%) patients experienced grade 3 neuropathy.
The apparently higher rate of neuropathy seen in this study
may have been the result of prior antimicrotubule agents, or
longer duration of therapy compared with studies in later lines
of treatment.

As noted, chemotherapy is often combined with targeted
therapy for patients with tumors that overexpress HER2.
Therefore, the combination of eribulin with appropriate anti-
HER?2 agents is of significant research interest. Wilks et al*
recently reported the results of a study of eribulin in com-
bination with the monoclonal antibody trastuzumab as first-
line therapy for HER2-positive MBC. The study included
52 patients treated with eribulin on days 1 and 8 of a 21-day
cycle, combined with standard doses of trastuzumab every
21 days. Almost half (48%) of the patients had received prior

anthracycline or taxane chemotherapy in the adjuvant setting.
The median number of cycles of eribulin administered on this
study was ten. The ORR was 71.2% (95% CI 56.9-82.9),
and the clinical benefit rate was 84.6% (95% CI1 71.9-93.1).
The median DOR was 11.1 months and median PFS was
11.6 months. Grade 3/4 toxicity was similar to previous
studies, with neutropenia (26.9%) and neuropathy (38.5%)
being the most common. Overall, peripheral neuropathy
was observed in 31 (59.6%) patients at any grade. Although
cross-study comparisons are notoriously challenging, it does
appear that neuropathy was more common in these first-line
studies compared with the studies in more heavily pretreated
patients. One possible explanation for this is that there may
have been greater drug exposure in these first-line studies,
with median numbers of cycles of seven and ten?** compared
with a median of 4-5 cycles in the older studies.?'

As discussed, neuropathy is a common toxicity with
microtubule-targeting agents. Preclinical data suggest that
eribulin may cause less impairment of axonal transport due
to the difference in tubulin-binding site compared with other
agents,? and in mouse models it was observed that eribulin
did not worsen pre-existing neuronal damage caused by
paclitaxel.”” Given these interesting results, and the observa-
tion that neuropathy rates were acceptable in clinical studies
of eribulin, neuropathy was chosen as the focus of a recently
reported randomized Phase II study comparing eribulin with
ixabepilone.? This study included patients who had received
at least one line of chemotherapy for MBC, had previously
been exposed to a taxane agent, and had grade 0 or 1 periph-
eral neuropathy. In total, 101 patients were randomized to
treatment with eribulin or ixabepilone, and the primary
endpoint of the study was comparison of neuropathy grades
by treatment group. No statistically significant difference
was seen in the incidence of peripheral neuropathy for those
treated with eribulin (31.3%) compared with ixabepilone
(44.1%). Similarly, there was no statistically significant
difference in the incidence of grade 3/4 neuropathy (9.8%
versus 20%), or in ORR (15.4% versus 5.8%) in patients who
received eribulin or ixabepilone. However, there was a longer
time to onset of neuropathy in the eribulin-treated patients
(11.6 weeks versus 35.9 weeks) and fewer patients discon-
tinued eribulin due to neuropathy (3.9% versus 18%).

Phase Il studies

The activity seen in Phase II clinical trials prompted further
investigation of eribulin in Phase III studies.?” The first
reported study was EMBRACE (the Eisai Metastatic Breast
Cancer Study Assessing Physician’s Choice Versus E7389).%
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This was a global, multicenter, randomized, open-label study
that included 762 patients with MBC who had progressive
disease after treatment with anthracycline and taxane che-
motherapy. Patients were randomized 2:1 to receive either
eribulin 1.4 mg/m? on days 1 and 8 every 21 days, or the
comparator group receiving treatment of physician’s choice
(TPC). In this study, TPC was defined as any single-agent
chemotherapy, hormonal or biological treatment, radio-
therapy, or supportive care. The primary objective of the
study was to compare overall survival by treatment; second-
ary endpoints included PFS, ORR, and DOR. Key baseline
characteristics of patients included the observation that the
majority of patients (64%) had tumors that were estrogen/
progesterone receptor-positive and HER2 negative (74%).
In addition, more than half (51%) of the patients had three
or more sites of metastatic disease. The median number of
chemotherapy regimens was four (range 1-7). A large pro-
portion of patients (73%) had been previously treated with
capecitabine, and 64% came from Western Europe, North
America, or Australia.

In total, 508 patients were treated with eribulin, and 254
received TPC. The TPC arm was made up of a number of
therapies, with the majority of patients (96%) being treated
with chemotherapy and 4% with hormonal therapy. The
study met its primary objective, ie, an improvement in overall
survival for patients treated with eribulin compared with
TPC. The median overall survival in the eribulin-treated
patients was 13.1 months compared with 10.6 months in
the TPC-treated group (hazard ratio [HR] 0.81, 95% CI
0.66-0.99), a difference that was statistically significant
(P=0.041). Despite the improvement in overall survival,
median PFS was not significantly longer (P=0.137) with
eribulin (3.7 months) than with TPC (2.2 months) in the
independent review (HR 0.87, 95% CI 0.71-1.05). When
the results were analyzed by investigator assessment, the
median PFS was similar (3.6 versus 2.2 months) but fewer
patients were censored, and the resultant benefit for eribulin
appeared greater (HR 0.76, 95% CI 0.64—0.9) and reached
statistical significance (P=0.002). Objective responses were
significantly more frequent in patients treated with eribulin
compared with TPC (12% versus 5%; P=0.002). There were
three complete responses in the eribulin group and 54 partial
responses, compared with ten partial responses in the TPC
group. There was no significant difference in DOR. Overall
toxicity rates were similar between eribulin and TPC, and
the majority were grade 1/2. Grade 3/4 adverse events, which
occurred more frequently with eribulin than with TPC were
neutropenia (45% versus 21%), leucopenia (14% versus
6%), and peripheral neuropathy (9% versus 2%). Overall,

neuropathy (any grade) was reported by 174 (35%) and
40 (16%) patients treated with eribulin and TPC, respec-
tively. Adverse events leading to discontinuation of therapy
occurred in 67 (13%) and 38 (15%) of patients treated with
eribulin and TPC, respectively. Fatal adverse events occurred
in 4% versus 7%, respectively.

This was a landmark study for patients with MBC and for
eribulin. Critically, this was the first study to show a benefit
in overall survival for any new therapy in heavily pretreated
patients with MBC. It has been praised for its comparator TPC
arm, which was designed to reflect clinical practice and argu-
ably makes the result of the study more generalizable to clinical
practice. This design does, however, have limitations. The rela-
tively small number of patients treated with each chemotherapy
agent in the TPC group precludes direct comparison of these
individual treatments with eribulin, and additionally makes
quality of life data collection and comparison impossible.
The prolongation of overall survival without PFS prolongation
in the EMBRACE study is also problematic, and may point to
issues in the analysis or validity of the results. Generally, in
randomized studies, the more active agent will delay cancer
progression as well as prolong survival.

There are small numbers of agents in recent years that have
prolonged overall survival without PFS prolongation. In many
of these studies, alternative or confounding reasons have been
found for this result (for example, more patients in one arm
receiving additional lines of post-study treatments). In the case
of the EMBRACE study, the authors reported that when PFS
was analyzed by investigator review there was a statistically
significant prolongation (3.6 versus 2.2 months, HR 0.76,
P=0.002) that was not seen on independent review (3.7 versus
2.2 months, HR 0.87, P=0.137). The authors suggest that this
is due to fewer patients being censored in the investigator
review (127 versus 241), allowing more events to be analyzed
(635 versus 521). They do not go into further detail regarding
the reason for this difference. The authors report that only data
regarding immediate post-study treatments were collected
and that the proportion treated with further chemotherapy
(54% of the eribulin group and 50% of the TPC group) and
hormonal therapies (10% and 12%) were similar. Again, they
do not detail what these post-study treatments were, although
the similar proportions would suggest that this may not be
the reason for this finding. Despite these concerns, eribulin
mesylate was approved in the USA for treatment of MBC in
patients who have received at least two prior chemotherapy
regimens based on the results of this study.*!

The possible use of eribulin in older patients was high-
lighted by an analysis of clinical trial data reported by Muss
et al.* This study included data collected for patients from
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two Phase II studies?'?? as well as the Phase IIl EMBRACE
study.’® Toxicity and efficacy data were compared between
groups of patients defined by age. The analysis showed no
significant difference in outcome or in toxicity rates based
on patient age, and validates eribulin as an option in patients
aged over 70 years. Unfortunately, this study did not include a
geriatric assessment tool, and is limited by the stringent entry
criteria of the studies involved. The results of a second ran-
domized Phase I1I study in MBC have also been reported.®
The 301 study compared eribulin mesylate (given in the same
schedule as EMBRACE) with capecitabine (1,250 mg/m?
orally twice daily on days 1-14 every 21 days) in patients who
had previously received treatment with anthracyclines and
taxanes. In total, 1,102 patients were enrolled, and random-
ized in a 1:1 manner between groups. The patients included
in this study had received two or fewer (and a maximum of
three) prior chemotherapy regimens for advanced disease.
The study used coprimary endpoints of overall survival and
PFS, with secondary endpoints including ORR, quality of life,
and overall survival at 1, 2, and 3 years. Patient characteristics
were well balanced between the groups. The majority (70%)
of patients received the study treatment as their first-line or
second-line regimen for metastatic disease, 85% had visceral
metastases, 70% had HER2-negative disease, and approxi-
mately 25% had triple-negative breast cancer.
Unfortunately, the study failed to meet either of its
coprimary endpoints. There was a trend towards improve-
ment in overall survival for patients treated with eribulin
(15.9 versus 14.5 months), with a favorable HR of 0.88 (95%
CI0.77-1.01); however this failed to reach statistical signifi-
cance (P=0.056). In addition, PFS was similar in both arms at
4.1 and 4.2 months (HR 0.98, 95% CI 0.86—1.11, P=0.736).

This was not significantly different by investigator or inde-
pendent review. Survival at 1, 2, and 3 years was numerically
higher in the eribulin group, but this difference was not sta-
tistically significant. Response rates by independent review
were similar between the two groups: the ORR was 11% and
12% in patients treated with eribulin and capecitabine,
respectively. In prespecified subgroup analyses, there was
a benefit seen in patients with HER2-negative disease (HR
0.84, 95% CI 0.72-0.098), ER-negative disease (HR 0.78,
95% CI 0.64-0.96), and triple-negative disease (HR 0.70,
95% CI 0.55-0.91). No new safety concerns were raised in
this study, and toxicity profiles fit those previously recorded
for these agents: neutropenia was common with eribulin
(grade 3/4 in 46%) and hand/foot syndrome was common with
capecitabine (45% any grade, 14% grade 3/4). Neuropathy
(any grade) was seen in 13% of patients treated with eribu-
lin and was grade 3/4 in 4% of patients. The quality of life
results as measured by European Organisation for Research
and Treatment of Cancer QLQ-C30 and QLQ-BR23 were
presented separately.’* These data show that patients treated
with eribulin had a 6.5 point greater improvement in overall
quality of life (P=0.048) and a 15.3 point improvement in
cognitive functioning (P<<0.001) than quality of life score
improvements seen in patients treated with capecitabine. Con-
versely, patients receiving capecitabine reported a 3.3 point
greater improvement in emotional functioning (P=0.033),
which may reflect the use of oral therapy.

The 301 study is considered a negative study because it
did not meet its specified endpoints. However, the efficacy
of eribulin was at least similar to that of capecitabine and
with a different toxicity profile, which may be preferable for
some patients (Table 3). Additionally, patients treated with

Table 3 Selected toxicities reported from Phase Ill studies of eribulin

EMBRACE study (n=508)

301 Study (n=544)

Any grade% Grade 3% Grade 4% Any grade% Grade 3% Grade 4%
Hematologic toxicities
Neutropenia 52 21 24 54 25 21
Leukopenia 23 12 2 31 13 2
Anemia 19 2 <l 19 2
Thrombocytopenia NR NR NR 5 <l 0
Nonhematologic toxicities
Alopecia 45 - - 35 - -
Nausea 35 | 0 22 <l 0
Vomiting 18 4 <l 12 <l <l
Diarrhea 18 0 0 14 | 0
Asthenia 54 8 I 15 4 <l
Peripheral neuropathy 35 8 <l 13 4 0
Febrile neutropenia 5 NR NR 2 2 <l
Hypersensitivity | NR NR NR NR NR
Abbreviations: NR, not reported; EMBRACE, the Eisai Metastatic Breast Cancer Study Assessing Physician’s Choice Versus E7389.
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eribulin had better patient-reported quality of life scores. The
exploratory subgroup analysis suggests that further study
in the HER2-negative and triple-negative populations may
yield greater benefit, as there was a statistically significant
prolongation in survival, but these results cannot be used to
drive clinical decisions outside of a trial setting.

Regulatory and pharmacoeconomic

assessments

The US Food and Drug Administration and the European
Medicines Agency approved eribulin mesylate for the treat-
ment of MBC patients who have received at least two prior
chemotherapy regimens based largely on the results of the
EMBRACE study.?!*53¢ It has also received approval in many
other countries, including Japan, Canada, and Australia.

In the UK, the National Institute for Health and Care
Excellence subjected eribulin to a health technology assess-
ment. Its assessment was based primarily on data from the
EMBRACE study, and it was found that the most plausible
estimate of the incremental cost-effectiveness ratio for
eribulin versus TPC was £68,600 per quality-adjusted life
year gained. The authors concluded that eribulin could not be
recommended for use in the National Health Service despite
acknowledgement of the overall survival benefit seen.”’” Sepa-
rate analyses have been carried out in Ireland and Canada,
and have reported incremental cost-effectiveness ratios of
€76,610 and $223,840-272,275 per quality-adjusted life year
gained, respectively.?®¥

Future directions

There are several ongoing studies evaluating eribulin in
breast cancer (Table 4). The encouraging results seen with
eribulin in pretreated patients with MBC compare favorably
with published studies using other agents in this setting®*¢
and have led to further research in other groups of patients
with breast cancer. In the first-line setting for MBC, the
current standard options for patients with HER2-negative
disease include taxanes (docetaxel or paclitaxel), with
reported response rates of 35%-42%%* and a median
PFS of 6-9 months. A Phase III study comparing eribulin
with paclitaxel in the first-line and second-line treatment
of HER2-negative MBC is currently recruiting patients in
centers in the USA.*® For HER2-positive MBC, taxanes com-
bined with trastuzumab have yielded ORRs of 69%—76% and
median PFS rates of 9-12 months.**> More recently, addi-
tion of the monoclonal antibody pertuzumab to docetaxel
and trastuzumab improved response rates and survival in a
Phase III study.® On this background, a Phase II study of

eribulin in combination with trastuzumab and pertuzumab
is currently recruiting.®

To date, limited data are available regarding the safety
and efficacy of eribulin combined with other agents, and
there is current interest in combination therapy with novel
agents*® as well as with existing therapies.*7-30:5234-5¢
Recent preclinical data have suggested synergistic activ-
ity between eribulin and S-1,** and clinical studies of this
regimen are likely to follow. The first data from Phase 1
studies of combination therapy have recently been reported,
using trastuzumab in one Japanese study of 12 patients
with MBC* and cisplatin in a US study of 36 patients with
advanced solid tumors.® Both studies reported safety of the
combination approaches without the need for reduction of
eribulin dose intensity.

To date, there are no published data on eribulin in early-
stage breast cancer, but studies are in progress evaluating
use of this agent in the neoadjuvant setting, prior to surgery
for localized disease, and in the adjuvant postoperative
setting (Table 4).5-%2 Although biomarker-directed therapy
is increasingly common and sought after in breast cancer
therapy, no predictive biomarkers for response to eribulin
have been identified to date. One of the ongoing neoadjuvant
studies® is focusing on identification of potential biomark-
ers of therapeutic benefit from eribulin. In the future, the
results of this study may help define a subpopulation in
MBC who are more likely to derive benefit from this agent.
This biomarker-driven approach might alleviate some of the
challenges related to cost in the future.

Conclusion

MBC remains an incurable illness despite advances in
treatment, and many patients with early-stage breast cancer
will ultimately suffer distant recurrence of their disease.
Chemotherapy continues to play a significant role in the
management of the disease, despite the efficacy of targeted
therapies against the estrogen receptor and HER2. Most
patients with MBC are treated with anthracycline and taxane
agents; however, patients will ultimately fail treatment as a
result of disease progression or intolerable toxicity with these
drugs, and for those patients no universal standard therapy
exists. Eribulin mesylate is a novel nontaxane inhibitor of
microtubule dynamics, and has demonstrated efficacy in
patients with heavily pretreated MBC with a largely accept-
able toxicity profile. Unlike taxanes, eribulin does not require
premedication since there is no need for drug vehicles such
as polysorbate 80 or Cremophor EL. In a landmark Phase
IIT study, eribulin was the first cytotoxic agent to improve
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overall survival in heavily pretreated patients with MBC. It
has induced responses in patients whose disease is resistant
to other microtubule-targeting drugs, and appears to have a
lower rate of neuropathy than many of the other agents in
this class. Its development highlights both the utility of natu-

November 201 |

August 2012
August 201 |

Start date
August 2012

rally occurring compounds in medical therapy as well as the
importance of synthetic drug development. Future research
is needed to optimize the role of eribulin in the treatment of
MBC, in terms of both patient selection and its place in the
therapeutic sequence. Finally, the potential role of this drug
in early breast cancer is currently being explored.
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