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ABSTRACT

Introduction: Eribulin was approved in the
United States (US) in 2010 for patients with
metastatic breast cancer (MBC) who previously
received at least two chemotherapeutic regi-
mens, including anthracycline and taxane in
the adjuvant or metastatic setting. With signif-
icant changes to the treatment landscape over
the past decade, assessment of the real-world
effectiveness of eribulin in clinical practice
when used according to the approved US indi-
cation is valuable.
Methods: Patients with MBC were identified by
community oncologists through a retrospec-
tive, multi-site patient chart review; de-identi-
fied data were abstracted into electronic case
report forms. Eligible patients initiated eribulin
consistent with approved US indication
between 1 January 2011 and 31 December 2017.

Clinical outcomes assessed included objective
response rate (ORR), progression-free survival
(PFS) and overall survival (OS) in all patients
and those with triple negative breast cancer
(TNBC).
Results: The analysis included 513 patients
(median 59.0 years; 38.8% with Eastern Coop-
erative Oncology Group status C 2). Eribulin
was third-line therapy for 78.0% of patients,
and fourth-line or later for the remainder. ORR
was 54.4%, median PFS was 6.1 months (95%
CI: 5.8, 6.6), and median OS was 10.6 months
(95% CI 9.9, 11.7) in all patients. Among the
49.9% of patients with TNBC, ORR was 55.1%,
median PFS was 5.8 months (95% CI 5.1, 6.4),
and median OS was 9.8 months (95% CI 8.6,
11.0).
Conclusion: The current retrospective chart re-
view study reinforces the clinical effectiveness
of eribulin in patients with MBC, including
those with TNBC, when used according to the
approved US indication in real-world clinical
practice.
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Key Summary Points

Why carry out this study?

Eribulin mesylate was approved by the
Food and Drug Administration ten years
ago for the treatment of patients with
metastatic breast cancer (MBC), who had
previously received at least two
chemotherapy regimens for MBC,
including an anthracycline and a taxane
in the adjuvant or metastatic setting. The
treatment landscape for MBC evolved
dramatically over the past decade, so up-
to-date real-world effectiveness data of
eribulin is valuable when used according
to the approved US indication in clinical
practice.

We sought to investigate clinical
effectiveness of eribulin therapy in a large,
diverse cohort of patients with MBC in
real-world clinical practice, including a
subgroup of patients with triple negative
breast cancer (TNBC), treated in
accordance with the approved indication
for eribulin in the United States.

What was learned from the study?

In a cohort of 513 MBC patients treated
with eribulin, ORR was 54.4%, median PFS
was 6.1 months, and median OS was
10.6 months. Within the TNBC subtype,
ORR was 55.5%, median PFS was
5.8 months, and median OS was
9.8 months.

The present study reinforces the clinical
effectiveness of eribulin in a large,
heterogeneous patient population in
clinical practice over the past decade,
when used consistent with the approved
US indication in the overall MBC
population as well as within the TNBC
subtype.

DIGITAL FEATURES

This article is published with digital features,
including summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13415105.

INTRODUCTION

An estimated 168,292 women in the United
States (US) currently live with metastatic breast
cancer (MBC) [1]. The most common breast
cancer molecular subtype is hormone receptor
positive (HR?)/human epidermal growth factor
receptor status negative (HER2-), followed by
HR?/HER2?, HR-/HER2- (‘‘triple negative’’
breast cancer, or TNBC) and HR-/HER2? [2].
Although survival has significantly improved
over the past decade due to advances in treat-
ment, mortality for MBC remains high, and an
estimated 42,170 patients in the US will die as a
result of their disease in 2020 [3, 4]. Survival
differs by subtype, with HR?/HER2- cases
experiencing the best prognosis and TNBC the
worst prognosis [5].

Eribulin mesylate, a novel nontaxane inhi-
bitor of microtubule dynamics, was approved by
the Food and Drug Administration (FDA) 10
years ago for the treatment of patients with
MBC, who have previously received at least two
chemotherapeutic regimens for MBC, including
an anthracycline and a taxane in either the
adjuvant or metastatic setting [6]. The approval
of eribulin was based on the results of the
EMBRACE trial, in which treatment with
eribulin conferred an overall survival (OS) ben-
efit of 2.5 months over treatment of physician’s
choice in women with MBC who had received
two to five prior lines of therapy [7].

In the years post-approval, the effectiveness
of eribulin in real-world practice has been
demonstrated in prospective observational
studies and retrospective analyses reflecting
different patient populations and diverse treat-
ment settings worldwide [8–14]. However, the
majority of the studies were conducted outside
the US, where the approved indication differs,
and none utilized eribulin in a manner
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exclusively consistent with the approved US
indication. The treatment landscape for MBC
has changed in the decade since the FDA
approval of eribulin, with multiple new thera-
peutic options available for specific molecular
subtypes of MBC. Given these advances in
therapy, we sought to assess the real-world
effectiveness of eribulin, for which the
approved US indication is not receptor subtype-
specific, in a contemporary clinical setting. We
chose to focus on the TNBC subtype in partic-
ular, which has fewer treatment options. In this
study, we investigated long-term outcomes of
eribulin therapy in a large, diverse cohort of
patients with MBC, including a subgroup of
patients with TNBC, treated in accordance with
the approved indication for eribulin in the US.

METHODS

A retrospective, multi-site patient chart review
was conducted. Physicians invited to participate
in the study were recruited from the Cardinal
Health Oncology Provider Extended Network, a
group of more than 7000 unique physicians in
oncology and hematology practices from across
the US. Physicians who were selected to partic-
ipate in this study completed an initial feasi-
bility request indicating that they treated[2
MBC patients per month who met the study
eligibility criteria. All participating physicians
represented separate practices to ensure there
was no duplication of patients. Prior to
chart data abstraction, study materials (research
protocol and pilot-tested electronic case report
form [eCRF]) were approved by Western Insti-
tutional Review Board (IRB), an independent,
central IRB. The IRB granted the study a waiver
for obtaining informed consent from patients.

Physicians performed the data abstraction
themselves. All abstracted data were de-identi-
fied in compliance with the Health Insurance
Portability and Accountability Act. Physicians
were asked to identify the earliest (over the time
period 2011–2017) patient that met the selec-
tion criteria and randomly select patients for-
ward in time until up to 20 eligible patients
were identified. Starting with the earliest
patient rather than those who had initiated

eribulin therapy recently reduced the risk of
incomplete follow-up for patients. The limit of
20 patients per provider was imposed to mini-
mize potential bias from one single provider or
practice. To be included in the study, a patient
had to have a confirmed diagnosis of MBC and
initiated eribulin treatment for MBC between 1
January 2011 and 31 December 2017. The latest
index date of 31 December 2017 was selected to
ensure that sufficient long-term follow-up data
were available for all patients. Data collection
occurred from February through May 2020,
allowing for more than 2 years of follow-up for
all patients.

The study was limited to female adults who
were 18 years or older at the time of initiation of
eribulin, and had received at least two
chemotherapy regimens in the metastatic set-
ting prior to treatment with eribulin. All
patients had received both an anthracycline
and a taxane therapy in either the adjuvant or
metastatic setting. Patients receiving eribulin
treatment for indications other than MBC, or
patients receiving eribulin treatment for MBC
in the context of a clinical trial, were excluded.

Completed eCRFs were reviewed indepen-
dently for data quality and consistency, and to
ensure no duplicate patient data. Queries and
random data point validation were conducted.
Patients for whom eCRFs could not be validated
(or if the physician was non-responsive to
requests for validation) were excluded from the
analyses.

Outcomes assessed were objective response
rate (ORR), clinical benefit rate (CBR), progres-
sion-free survival (PFS), and OS. Outcomes were
assessed in all patients and separately for
patients with TNBC.

Tumor response was abstracted as substanti-
ated in the patient’s electronic health record by
the physicians: complete response (CR), partial
response (PR), stable disease (SD) and progres-
sive disease (PD). The ORR was calculated as:
(CR ? PR)/(all patients). The CBR was calculated
as: (CR ? PR ? SD lasting more than 24 weeks)/
(all patients). A baseline scan must have been
completed prior to the initiation of treatment
with eribulin (alternatively, if a scan was com-
pleted to assess disease response to the most
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recent prior line of therapy, that scan could be
used).

Progression-free survival and OS were calcu-
lated using the Kaplan–Meier method. The
index date was the date of eribulin initiation.
For PFS analysis, patients who had not pro-
gressed were censored on their last date of
eribulin therapy. For OS analysis, patients alive
at the time of data cut-off were censored on
their last recorded clinic visit date. Additionally,
PFS at 3-, 6-, 9-, and 12-months and OS at 3-, 6-,
12-, 24- and 36-months with 95% confidence
intervals (CIs) are reported. All analyses were
conducted in SAS v9.4.

RESULTS

A total of 513 eCRFs were included in the cur-
rent analyses. Data were abstracted by 46
physicians, 69.6% of whom reported their pri-
mary specialty as hematology/oncology. The
primary practice setting for the physicians was
identified as private community practice by
54.4% of physicians, while 21.7% reported
practicing at academic centers or affiliated
teaching hospitals, 19.6% at private community
practices owned by hospitals, and 4.4% as solo
practitioners. The median number of years in
practice for the physicians was 16 (range 4–30).

Demographics and Clinical Characteristics

Demographics for the overall cohort and the
TNBC subgroup are shown in Table 1.

The median age at initiation of eribulin
therapy in the overall patient population was
59.0 years (range 26–86); 32.9% were C 65 years
old. Most patients were Caucasian (64.9%) and
non-Hispanic (89.5%); African American
patients comprised 26.3% of the study popula-
tion. Demographics in the TNBC subgroup were
largely similar to those in the overall cohort.

Table 2 describes the clinical characteristics
of the patients at the time of initiation of
eribulin, for both the overall population and
the TNBC subgroup. Eribulin was most com-
monly used in the third line (78.0%), with the
remainder treated in the fourth to seventh line.
The majority of patients (61.0%) had an Eastern

Cooperative Oncology Group (ECOG) perfor-
mance status of 0 or 1 at the initiation of
eribulin. Overall, 45.4% of patients were HR?/
HER2-, and 49.9% had TNBC. Within the TNBC
subgroup, most patients received eribulin for
third-line therapy (87.9%). Approximately two-
thirds of the patients with TNBC had an ECOG
performance status of 0 or 1. In both the overall
cohort and the TNBC subgroup,[90% of
patients had visceral metastatic disease at the
time of eribulin initiation. The most common
sites of metastases were lung and liver (66.7%
and 57.3% respectively).

Duration of Eribulin Therapy

At the time of data cut-off, 497 (96.9%) patients
in the overall cohort and 248 (96.9%) patients
in the TNBC subgroup had discontinued eribu-
lin. Among all patients who discontinued,
median duration of eribulin therapy was
5.5 months (range 0.03–21.5) overall, and
5.4 months (range 1.2–21.5) in the TNBC sub-
group. Among patients who discontinued
treatment with eribulin, the majority did so due
to disease progression in both the overall cohort
(78.1%) and the TNBC subgroup (84.3%). Other
reasons for discontinuation in the overall
cohort and TNBC subgroup included decline in
performance status (4.0% and 2.4%), referral to
hospice (5.0% and 6.1%), palliative care (3.4%
and 0.4%), completion of the scheduled dura-
tion of eribulin therapy (4.8% and 4.8%),
patient choice (2.2% and 1.2%), and other rea-
sons (1.4% and 0.4%). Toxicity/intolerability
was reported as the reason for discontinuation
in 1.0% of patients overall and 0.4% of TNBC
patients.

Following discontinuation of eribulin, 175
(34.1%) of all patients and 99 (38.7%) of TNBC
patients initiated another line of therapy.
Among patients who initiated another line of
treatment, the median time to next treatment
was 8.1 months (range 1.6–22.4) overall and
8.3 months (range 2.1–22.4) in the TNBC
subgroup.
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Table 1 Patient demographics at the initiation of eribulin

All TNBC
n5 513 n5 256

Age

Mean, SD 58.7 (10.9) 56.3 (10.5)

Median, IQR 59.0 (15.0) 57.0 (16.0)

\65 (n, %) 344 (67.1) 191 (74.6)

C 65 (n, %) 169 (32.9) 65 (25.4)

Race (n, %)

Caucasian 333 (64.9) 158 (61.7)

African American 135 (26.3) 83 (32.4)

Asian 41 (8.0) 13 (5.1)

Native Hawaiian or Other Pacific Islander 1 (0.2) 0 (0.0)

American Indian or Alaska Native 1 (0.2) 1 (0.4)

Other 2 (0.4) 1 (0.4)

Ethnicity (n, %)

Hispanic/Latino 54 (10.5) 23 (9.0)

Non-Hispanic/Non-Latino 459 (89.5) 233 (91.0)

Payer (n, %)

Medicare 108 (21.1) 39 (15.2)

Medicare Advantage/Supplement 111 (21.6) 41 (16.0)

Medicaid 81 (15.8) 55 (21.5)

Medicare/Medicaid (dual eligible) 11 (2.1) 1 (0.4)

Commercial 220 (42.9) 117 (45.7)

Military health insurance 3 (0.6) 3 (1.2)

Unknown 4 (0.8) 2 (0.8)

Region of patient primary residence (n, %)

Northeast 114 (22.2) 48 (18.8)

Midwest 117 (22.8) 41 (16.0)

South 172 (33.5) 105 (41.0)

West 110 (21.4) 62 (24.2)

IQR interquartile range, SD standard deviation, TNBC triple negative breast cancer
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Disease Response

In the overall population, ORR was 54.4% (95%
CI 50.0–58.7%) (Fig. 1). The CBR was 52.3%

(95% CI 52.3–61.0%). A total of 41 patients
(8.0%) had a CR, 238 (46.4%) had a PR, 88
(17.2%) had SD and 146 (28.5%) had PD. The
time to best response among patients with a CR

Table 2 Patient clinical characteristics at the initiation of eribulin

All TNBC
n5 513 n5 256

Line of therapy at initiation of eribulin (n, %)

3 400 (78.0) 225 (87.9)

4 77 (15.0) 25 (9.8)

C 5 36 (7.0) 6 (2.3)

ECOG-PS Categorical (n, %)

0/1 313 (61.0) 168 (65.6)

C 2 199 (38.8) 88 (34.4)

Unknown 1 (0.2) 0 (0.0)

Sites of metastases at initiation of eribulin (n, %)

Adrenal gland 63 (12.3) 26 (10.2)

Brain 22 (4.3) 15 (5.9)

Local lymph node(s) 56 (10.9) 40 (15.6)

Gastrointestinal system 10 (2.0) 1 (0.4)

Genitourinary system 10 (2.0) 4 (1.6)

Ovary 14 (2.7) 5 (2.0)

Liver 294 (57.3) 159 (62.1)

Lung 342 (66.7) 179 (69.9)

Lytic or mixed lytic-blastic bone 99 (19.2) 33 (12.9)

Pleura, pericardial, and/or peritoneal cavity 28 (5.5) 16 (6.3)

Othera 4 (0.8) 3 (1.2)

Duration of follow-up from metastatic diagnosisb, months

Mean, STD 32.5 (16.8) 28.5 (16.0)

Median, IQR 29.9 (22.7) 25.9 (20.6)

ECOG-PS Eastern Cooperative Oncology Group performance status, IQR interquartile range, STD standard deviation,
TNBC triple negative breast cancer
a Including chest wall and those with missing site information
b Until last visit with provider or at clinic
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or PR was a median of 3.0 months [interquartile
range (IQR) 2.2, 4.1]. The duration of best
response among the 261 patients with a CR or
PR and known dates of initial response and
progression was a median of 4.5 months (IQR
2.9, 7.1).

For patients in the TNBC subgroup, ORR was
55.1% (95%CI48.8–61.2%) (Fig. 1). TheCBRwas
57.4% (95%CI: 51.1–63.5%). A total of 15 (5.9%)
patients with TNBC had a CR, 126 (49.2%) had a
PR, 46 (18.0%) had SD and 69 (27.0%) had PD.
The time to best response for patients with a CR
or PR was a median of 2.8 months (IQR 2.1, 3.9),
and the duration of best response for the 132
patients with a CR or PR and known dates of
initial response and progression was a median of
4.2 months (IQR 2.8, 6.6).

PFS

At the time of data cut-off, 402 (78.4%) patients,
including 219 (85.5%) in the TNBC subgroup,

had progressed on eribulin therapy. The land-
mark PFS is presented in Fig. 2. At the 6-month
landmark, 262 patients (51.2%, 95% CI
46.8–55.5%) were alive and progression-free in
the overall population, and, at the 12-month
landmark, 94 patients (19.2%, 95% CI
15.8–22.8%) were alive and progression-free
(Fig. 2). Progression-free survival as estimated
using the Kaplan–Meier method is presented in
Fig. 3. The median PFS of patients in the overall
population was 6.1 months (95% CI 5.8–6.6)
(Fig. 3a).

In the TNBC subgroup, 125 patients (48.0%,
95% CI 41.8–54.0%) were alive and progression-
free at the 6-month landmark, and 38 (15.4%,
95% CI 11.3–20.2%) were alive and progression-
free at the 12-month landmark (Fig. 2). The
median PFS of patients in the TNBC subgroup
was 5.8 months (95% CI 5.1–6.4) (Fig. 3b).

OS

At the time of data cut-off, 415 (80.9%) patients
overall and 222 (86.7%) in the TNBC subgroup
were deceased. The landmark OS is presented in
Fig. 4. At the 12-month landmark, 43.9% (95%
CI 39.6–48.2%) of patients were alive in the
overall population, while at the 24-month
landmark, 23.9% (95% CI 20.2–27.7%) were
alive (Fig. 4). A Kaplan–Meier graph for OS is
presented in Fig. 5. The median OS of patients
in the overall population was 10.6 months (95%
CI 9.9–11.7) (Fig. 5a).

Fig. 1 ORR to eribulin treatment in all patients and the
TNBC subgroup

Fig. 2 PFS at 3, 6, 9, and 12 months in all patients and the TNBC subgroup
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In the TNBC subgroup, 40.3% (95% CI
34.3–46.3%) were alive at the 12-month land-
mark, and 17.6% (95% CI 13.1–22.6%) were
alive at the 24-month landmark (Fig. 4). The
median OS of patients in the TNBC subgroup
was 9.8 months (95% CI 8.6–11.0) (Fig. 5b).

DISCUSSION

With over 500 patients treated with eribulin in
accordance with the approved US indication,
our study represents the largest real-world ret-
rospective study of eribulin conducted in a US
population to date. Nearly 80% of the patients

in our study received eribulin as third-line
treatment, with the remainder receiving the
drug in later lines of therapy. Some key differ-
ences between our patient population and that
of the EMBRACE trial include racial diversity
(26.3% African American in this study vs. 4% in
EMBRACE); performance status (38.8% with
ECOG status C 2 in this study, vs. 8% with
ECOG status = 2 in EMBRACE); and the pro-
portion of patients with a diagnosis of TNBC
(49.9% in this study vs. 19% in EMBRACE).
Despite these differences, clinical benefit was
still observed (ORR was 54.4% in this study vs.
12% in EMBRACE, and CBR was 56.7% in this
study vs. 23% in EMBRACE). Time to event

Fig. 3 Kaplan–Meier PFS from initiation of eribulin in a all patients and b the TNBC subgroup
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Fig. 4 OS at 3, 6, 12, 24, and 36 months in all patients and the TNBC subgroup

Fig. 5 Kaplan–Meier OS from initiation of eribulin in a all patients and b the TNBC subgroup
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outcomes like PFS and OS were also similar with
those observed in EMBRACE.

Less than 5% of cancer patients participate in
clinical trials, and those that do tend to be
younger, healthier, and less diverse than the
patient population as a whole [15]. Further-
more, it has been shown that cancer clinical
trial participants have better survival than
patients in the real world for the first year fol-
lowing diagnosis, a finding attributed in part to
the strict eligibility criteria for most trials that
screen out patients with a poorer prognosis [16].
Therefore, it is valuable to see if the survival
benefit observed in the EMBRACE clinical trial
can be consistently observed in real-world
patients treated with eribulin. The results of our
study support the effectiveness of eribulin in
contemporary clinical practice, and the con-
tinuing relevance of eribulin as a treatment
option in the current therapeutic landscape.

The mean duration of eribulin therapy
reported in this study (5.5 months) was consis-
tent with the median PFS observed. This dura-
tion of therapy is also comparable to what has
been reported in other recent real-world studies
of eribulin conducted in the US: a mean
5.3 months treatment duration was observed
for TNBC patients treated with eribulin in the
third-line or later, and a mean 2.7–3.6 months
was observed in HR?/HER2- patients who
received eribulin treatment in third-line or later
after a CDK 4/6 inhibitor [13, 14]. Similarly,
another study found the median time to next
treatment across all single agents in third-line
or later therapy for MBC was 4.6 months [17].
This suggests that the treatment duration in our
cohort accurately reflects real-world treatment
within the MBC patient population.

Among the multiple real-world studies con-
ducted through different regions over the years,
none specified the use of eribulin in accordance
with the US label [6]. One systematic review and
pooled analysis comparing outcomes with
eribulin in real-world studies to those observed
in 2 phase 3 trials (EMBRACE and Study 301
[18]) found that ORR and CBR were better in the
real world studies (20.1% and 46.3% across 11
retrospective studies, vs. 14.9% and 30.9% in
the clinical trials) [19]. Progression-free survival
was similar in the real-world studies (median

3.84 months across 10 retrospective studies vs.
4.0 months in the clinical trials) and OS was
shorter (median 9.71 months across 8 retro-
spective studies vs. 15.2 months in the clinical
trials) [19]. A second systematic review of 34
studies of effectiveness outcomes with eribulin
in patients with locally advanced breast cancer
or MBC found that median PFS ranged from 2.3
to 14.7 months, while median OS ranged from
6.9 to 28.0 months. Despite the variability in
outcomes, this systematic review supports the
effectiveness of eribulin for the treatment of
MBC in real-world practice [20]. Our study also
found that outcomes in the TNBC subgroup
were similar to those in the overall cohort, even
though TNBC is associated with a more aggres-
sive pathology and worse survival [21]. This
finding is consistent with a prior retrospective,
real-world US study in a TNBC population in
which we observed a median OS of 14.7 months
among patients receiving eribulin third-line or
later [13], although patients in this study may
not have received eribulin strictly per the US
approved indication. These are promising
results in a patient population where there is
significant unmet need and few approved
treatment options.

This study has several strengths. First, its
robust size ([500 patients) and long duration of
follow-up allowed for greater precision in esti-
mates of PFS and OS. Second, restriction of eli-
gibility to patients treated with eribulin
following at least two chemotherapy regimens,
with prior therapies including both an anthra-
cycline and a taxane therapy in adjuvant or
metastatic setting provided an opportunity for
assessment of real-world outcomes when use
was consistent with the approved US indica-
tion, in contrast to other real-world studies
where eribulin was used across all lines of
therapy. Finally, the inclusion of patients from
community and academic practices in all geo-
graphic locations of the US resulted in a
heterogeneous patient population (in terms of
age, race, and functional status) more repre-
sentative of the overall MBC patient popula-
tion. A significant proportion of the patients in
our study had factors associated with poor
prognosis; half were of the TNBC subtype and
nearly 40% had an ECOG performance status of

2222 Adv Ther (2021) 38:2213–2225



2 or greater. This supports the generalizability of
the effectiveness of eribulin across a broader
spectrum of patients not well-represented in
clinical trials.

Limitations of this study include its retro-
spective design and the potential for provider
and patient selection bias. Additionally, the
physician-reported response rates may be over-
estimated as standardized assessment schedules,
and criteria might not have been routinely used
outside of clinical trials. Third, this observa-
tional study was not designed to compare the
real-world effectiveness of eribulin versus other
agents, so no control group of non-eribulin
treated patients was included. Finally, detailed
safety data were not collected in this study, so
specific information on adverse events in our
patient population is not available.

CONCLUSION

In recent years, it has become increasingly
apparent that cancer clinical trials may not be as
representative of the broader patient experi-
ence, as they accrue younger, healthier, and less
diverse patients. Our real-world cohort was
racially diverse, included patients with poor
functional status, and half of the patients had
TNBC. Despite these patient characteristics,
which are generally associated with worse out-
comes, results from the current analyses indi-
cate that both response rate and survival with
eribulin therapy supports the clinical outcomes
observed within the eribulin arm in the pivotal
clinical trial. This retrospective chart review
study reinforces the clinical effectiveness of
eribulin in a large, diverse cohort of MBC
patients including the TNBC subtype, when
used according to the approved US indication in
clinical practice.
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