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ABSTRACT
Background: Eribulin provided significant overall survival (OS) benefit in heavily pretreated advanced
breast cancer patients in the EMBRACE trial. We investigated the use of eribulin in daily clinical prac-
tice, the relative effectiveness of eribulin versus non-eribulin chemotherapy, and the safety of eribulin
in real-world patients included in the SOutheast Netherlands Advanced BREast cancer
(SONABRE) registry.
Material and methods: Patients treated with eribulin and eligible patients for eribulin who received a
different chemotherapy (i.e., non-eribulin group) in ten hospitals in 2013–2017 were included. A multi-
variate matching algorithm was applied to correct for differences in baseline characteristics between
the groups, including the number of previous treatment lines. Progression-free survival (PFS) and OS
of eribulin were compared with the matched non-eribulin group through Kaplan-Meier curves and
multivariate Cox proportional hazard models. The occurrence of dose delay and reduction
was described.
Results: Forty-five patients received eribulin according to its registration criteria and 74 patients were
eligible for eribulin but received non-eribulin chemotherapy. Matching increased the similarity in base-
line characteristics between the eribulin and non-eribulin groups. Median PFS was 3.5months (95%
confidence interval (CI): 2.7–5.5) in the eribulin group and 3.2months (95% CI: 2.0–4.8) in the matched
non-eribulin group (adjusted hazard ratio (HR): 0.83, 95% CI: 0.49–1.38). Median OS was 5.9months
(95% CI: 4.6–11.0) and 5.2months (95% CI: 4.6–9.5) in the eribulin and non-eribulin groups, respect-
ively (adjusted HR: 0.66, 95% CI: 0.38–1.13). Dose delay or reduction occurred in 14 patients (31%)
receiving eribulin.
Conclusions: No difference in PFS and OS was observed between eribulin and non-eribulin treated
patients. Eribulin had a manageable toxicity profile.
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Introduction

Eribulin mesylate (eribulin) is a non-taxane inhibitor of micro-
tubule dynamics of the halichondrin class of anti-neoplastic
drugs [1]. In 2011, eribulin provided statistically significant
overall survival (OS) benefits of 2.5months in heavily pre-
treated advanced breast cancer (ABC) patients compared
with patients receiving treatment of physician’s choice in the

phase III EMBRACE trial (hazard ratio (HR) for OS: 0.81, 95%
confidence interval (CI): 0.66–0.99) [2]. Eribulin was approved
for ABC treatment in March 2011 and reimbursed in July
2013 in the Netherlands.

Investigating the use and relative effectiveness of a drug
in daily clinical practice is important in the ABC context
because only a small percentage of ABC patients participate
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in clinical trials [3], and patients included in clinical trials are
not representative of patients treated in clinical practice [4].
Therefore, clinical practice data on the use, relative effective-
ness, and safety of a new drug for ABC treatment are essen-
tial as an addition to clinical trial data [5]. Previous non-
comparative real-world and expanded access studies reached
similar progression-free survival (PFS) and OS estimates with
eribulin treatment as in EMBRACE, and confirmed the toler-
able toxicity profile of this treatment [6–10]. These studies
did not provide data whether eribulin was administered
according to its indication criteria.

To the best of our knowledge, only three studies investi-
gated the relative effectiveness of eribulin in ABC patients
using non-randomized evidence [11–13]. The first study
found a statistically significant improvement in OS in
Japanese patients treated with eribulin versus patients
treated with taxane monotherapy or taxane chemotherapy
with bevacizumab [12]. The second study did not observe an
improved time to treatment failure when eribulin was com-
pared with capecitabine, gemcitabine, and vinorelbine in
metastatic triple negative (TN) breast cancer patients treated
in US community oncology practices [11]. The third study
observed an improvement in PFS and OS in patients treated
with eribulin compared to patients treated with ‘other
chemotherapy’ as second, third or fourth line treatment in
France [13].

In the Netherlands, eribulin is indicated for ABC patients
who have received at least two chemotherapy regimens in
the advanced setting. Prior treatments should include an
anthracycline- and a taxane-based chemotherapy (during
(neo)adjuvant or palliative treatment), if not contra-indicated.
Since previous non-randomized comparisons did not apply
these eligibility criteria [11–13], the effectiveness of eribulin
in this patient population remains unknown. Hence, a com-
parison of eribulin to non-eribulin chemotherapies using
non-randomized evidence and the stricter Dutch eligibility
criteria is warranted to inform whether eribulin has an added
value for treating ABC in this setting.

The aim of the current study was to investigate the use,
the relative effectiveness and the safety of eribulin in the
Dutch daily clinical practice, using data from the SOutheast
Netherlands Advanced BREast cancer (SONABRE) registry.

Methods

Study population

Data were obtained from the SONABRE registry
(NCT03577197), which included patients diagnosed with ABC
from 2007 onwards in 12 hospitals in the Southeast of the
Netherlands. This registry contains patient and treatment
information (patient and tumor characteristics, treatment,
toxicity, hospitalizations, and outcomes, i.e. progression and
death) collected retrospectively from medical files by trained
registration clerks. The Medical Research Ethics Committee of
the Maastricht University Medical Centreþ approved the initi-
ation of the registry (No. 15-4-239).

For the current study, we identified all patients who
received eribulin, and patients who were eligible for eribulin

after July 1st, 2013 (registration date of eribulin in The
Netherlands), but received a different chemotherapy than eri-
bulin (non-eribulin group). Eligible patients had received at
least two prior chemotherapy in the advanced setting, a
prior anthracycle- and a prior taxane-based chemotherapy (in
any setting), if not contra-indicated. The data lock for the
current analysis was October 23rd, 2017.

Endpoints definition

The endpoints of this study were the use of eribulin in daily
clinical practice, the relative effectiveness of eribulin versus
non-eribulin chemotherapies, and the safety of eribu-
lin treatment.

The use of eribulin in daily clinical practice was described
as the proportion of patients who received eribulin in the
group of patients eligible for eribulin treatment, and the
number of patients who received eribulin according to its
indication criteria or not. Additionally, the treatment line in
which patients received eribulin, the number of administered
eribulin cycles, and the starting dose of eribulin treatment
were considered.

The relative effectiveness of eribulin versus non-eribulin
chemotherapy was investigated in terms of PFS and OS. PFS
was defined as the time between the start of treatment
under study and the occurrence of disease progression or
death. Progression was reported by the treating physician
using radiographic imaging, tumor markers, and/or symp-
toms of the patient. Patients were censored for PFS at the
start of a subsequent treatment when progression was not
registered (before the initiation of this subsequent treatment)
or at their last follow-up date when they were still alive with-
out having experienced disease progression yet. OS was
defined as the time between the start of treatment and
death. Patients alive at the end of follow-up were censored
for OS.

The safety of eribulin was defined based on two out-
comes. The first was the occurrence of specific toxicities (e.g.,
neutropenia, febrile neutropenia) causing dose delay and/or
reduction. The second was “any toxicity causing hospital-
ization”, of which the type of toxicity is not specified in
the registry.

Statistical analyses

This analysis compared eribulin to a treatment line matched
non-eribulin group, using a multivariate matching algorithm
[genetic matching (GenMatch)], to correct for differences in
baseline characteristics between the groups [14,15].
Treatment line matching means that each treatment line
administered to eligible comparator patients was separately
included in the eligible comparator group. This approach to
matching (i.e. treatment line matching) differs from the clas-
sical way of matching (i.e. patient level matching) because
different ‘versions’ of each comparator patient are included
in the eligible comparator group instead of considering
patients for matching only when they become eligible for
the intervention.

ACTA ONCOLOGICA 83



GenMatch was performed according to the following
steps, using the “Matching” package in the statistical soft-
ware R [15]. First, baseline characteristics of all groups were
examined to investigate whether baseline characteristics
overlapped because matching methods are not recom-
mended in case of poor overlap in baseline characteristics
(“ggplot” density plots in R) . Second, covariates that were
expected to influence treatment assignment and prognosis
were selected based on clinical expert opinion. These covari-
ates were the age at the start of treatment, the tumor sub-
type [based on the hormonal (HR) status (positive, negative,
unknown) and the human epidermal growth factor receptor
2 (HER2) status of the tumor (positive, negative, unknown)],
the number of previous chemotherapy treatments received
in the advanced setting (2, 3, and �4), and the presence of
central nervous system (CNS) metastasis. Third, a propensity
score for treatment assignment including these covariates
was calculated based on a logistic regression (“glm” func-
tion). Fourth, the propensity score and these covariates were
included in the GenMatch algorithm. Matching 1:1, with
replacement was performed (“GenMatch” and “Match” func-
tions) [14]. Fifth, covariates balance was assessed using two
methods. Covariates balance of all covariates included in the
GenMatch algorithm was investigated through visual inspec-
tion of quantile-quantile plots (QQ plots) and the variance
ratio (ratio of the variance of the covariate values of the eri-
bulin group and the variance of the covariate values of the
non-eribulin group) (“MatchBalance” function). Additionally,
covariate balance of continuous and ordinal variables with
more than one category (age at treatment initiation, tumor
subtypes, number of previous chemotherapy received)
was assessed through the Kolmorogov–Smirnov bootstrap p-
values (“MatchBalance” function), while the covariate balance
of variable with dichotomous values (presence of CNS metas-
tasis) was assessed by comparing the proportion of patients
having CNS in each group.

All results presented for the eribulin group include only
patients who received eribulin according to its indication
criteria. Descriptive statistics were used to summarize
patient and tumor characteristics and the occurrence of
toxicities. Kaplan–Meier curves were estimated for PFS and
OS of the eribulin and treatment line matched non-eribulin
group. Median PFS and OS (and 95% confidence interval
(CI)) were retrieved from the Kaplan–Meier curves.
Multivariate Cox proportional hazard (PH) models (adjusted
for the covariates included in the GenMatch algorithm)
were fitted to estimate the relative effectiveness of eribulin
versus non-eribulin chemotherapy on PFS and OS. The
base-case analysis compared eribulin to the treatment line-
matched non-eribulin group. In addition, two sensitivity
analyses were performed. These analyses compared eribulin
with a patient level matched non-eribulin group (the same
matching algorithm was used for this comparison) and eri-
bulin with an unmatched non-eribulin group (no matching
performed). All statistical analyses were performed using
the statistical software R [16]. The statistical significance
level was 5%.

Results

Study population

At the database lock, 119 patients from ten hospitals
were eligible for eribulin after July 1st, 2013. A total of 38%
(45/119) of these patients received eribulin according to its
registration criteria, while 62% (74/119) were treated with
non-eribulin chemotherapy. An additional 15 patients (25%
of the 60 patients who received eribulin) did not receive eri-
bulin according to its registration criteria because those
patients did not receive two previous chemotherapy lines in
the advanced setting (N¼ 5), did not receive an anthracy-
cline-based chemotherapy (N¼ 11), did not receive a taxane-
based chemotherapy (N¼ 5), and/or received concomitant
trastuzumab (N¼ 4) (multiple reasons may apply to a sin-
gle patient).

Among the 45 patients who received eribulin according to
its registration criteria, half received eribulin as fourth or later
chemotherapy line for ABC (median previous number of
chemotherapy line of 3 (range: 2–7)), and 26 patients (58%)
received eribulin as last treatment. The starting dose of eribu-
lin of 2 (4%) patients was missing, all other patients received
the full eribulin dose at treatment initiation (1.23mg/m2). The
median number of administered cycles was 4 (range: 1–27).

The 74 (62%) patients eligible for eribulin treatment who
did not receive eribulin (i.e., unmatched non-eribulin group)
received a total of 102 chemotherapy lines after becoming
eligible for eribulin (i.e., considered in treatment
line matching).

The median age at the start of treatment was 61 years
(range: 41–73) in the eribulin group and 56 years (range:
40–74) in the treatment line matched non-eribulin group. The
proportion of patients with ERþ/HER2þ (9%) and ERþ/HER2-
(56%) tumors was similar between the eribulin and the treat-
ment line matched non-eribulin group. The proportion of
patients with triple negative tumors in the eribulin group and
treatment line matched non-eribulin group were 24% and
31% respectively. The proportion of patients with CNS metas-
tasis in each group was 22% and 16%, respectively. Thirty-
seven percent of patients in both groups received 4 or more
previous chemotherapy lines (Table 1). Thirteen different
chemotherapy regimens were administered to patients in the
treatment line matched non-eribulin group. Capecitabine
(N¼ 11, 24%), vinorelbine (n¼ 10, 22%) and carboplatin
(n¼ 6, 13%) were administered the most often (Table 2).

Patient characteristics of the patient level matched and
unmatched non-eribulin group are provided in the Tables 2
and 3 of the Supplementary Appendix. Compared with the
unmatched non-eribulin group, treatment line matching
improved covariates balance of all covariates included in the
matching algorithm, except the age at treatment initiation.
Treatment line matching improved covariates balance of two
covariates (tumor subtype and number of previous chemo-
therapy received) included in the matching algorithm com-
pared with patient level matching, and it improved the
variance ratio of all covariates included in the matching algo-
rithm (Table 1 and Figures 3–6 of the
Supplementary Appendix).
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Relative effectiveness of eribulin

Median PFS was 3.5months (95% CI: 2.7–5.5) in the eribulin
group and 3.2months (95% CI: 2.0–4.8) in the treatment line
matched non-eribulin group (Figure 1(A)). This resulted in an

adjusted HR for PFS of 0.83 (95% CI:0.49–1.38) for eribulin
versus treatment line matched non-eribulin chemotherapy
(Table 3). Median OS was 5.9months (95% CI: 4.6-11.0) in the
eribulin group and 5.2months (95% CI: 4.6-9.5) in the treat-
ment line matched non-eribulin group (Figure 1(B)). This
resulted in an adjusted HR for OS of 0.66 (95% CI: 0.38–1.13)
for eribulin versus treatment line matched non-eribulin
chemotherapy (Table 3).

Sensitivity analyses

In the patient level matched non-eribulin group, median PFS
was 2.7months (95% CI: 1.8–4.7), and median OS was
6.8months (95% CI: 5.7–9.5). This resulted in an adjusted HR
for PFS of 0.91 (95% CI: 0.57–1.45), and an adjusted HR for
OS of 0.62 (95% CI: 0.37–1.04) for eribulin versus patient level
matched non-eribulin chemotherapy. Median PFS and OS in
the unmatched non-eribulin group were 3.4months (95% CI:
2.3–5.2) and 8.2months (95% CI: 5.9–11.0). This resulted in
an adjusted HR for PFS of 0.99 (95% CI: 0.60–1.62), and an
adjusted HR for OS of 0.73 (95% CI: 0.43–1.24) for eribulin
versus unmatched non-eribulin chemotherapy. Results of
these analyses are provided in the Supplementary Appendix
(Table 4 and Figures 9–12).

Table 1. Patient characteristics in each group.

Treatment group Eribulin (N) % Treatment line matched non-eribulin % Unmatched non-eribulin %

Number of patients 45 45 74
Age, median (min–max) 61 (41–73) 56 (40–74) 60 (29–77)
Tumor subtype
ERþ/HER2� 25 56% 25 56% 45 61%
ERþ/HER2þ 4 9% 4 9% 18 24%
ER�/HER2þ 2 4% 2 4% 5 7%
Triple negative 11 24% 14 31% 6 8%
Unknown 3 7% 0 0 0 0

Dominant metastatic site
CNS 10 22% 7 16% 12 16%
Visceral 31 69% 35 78% 52 70%
Non-visceral 4 9% 3 7% 10 14%
Bone onlya 2 4% 3 7% 9 12%
Unknown 0 0% 0 0% 0 0%

Number of metastatic sites
1 2 4% 4 9% 12 16%
2 12 27% 11 24% 17 23%
3 15 33% 10 22% 18 24%
4 8 18% 13 29% 14 19%
5þ 8 17% 7 16% 13 17%

Number of previous endocrine therapy lines in the ABC setting
0 16 36% 19 42% 20 27%
1 7 16% 6 13% 13 18%
2 7 16% 3 7% 13 18%
3 5 11% 9 20% 16 22%
4þ 10 22% 8 18% 12 16%

Number of previous chemotherapy lines in the ABC setting
2 15 33% 17 38% 49 66%
3 13 29% 11 24% 13 18%
4þ 17 37% 17 37% 12 16%

Number of previous chemotherapy lines in all settings, i.e., (neo)adjuvant and ABC settings
2 4 9% 3 7% 9 12%
3 13 29% 17 38% 41 55%
4 13 29% 14 31% 16 22%
5þ 15 33% 11 24% 8 11%

aSubgroup of non-visceral metastasis.
ABC: advanced breast cancer; CNS: central nervous system; ER: endocrine receptor status, HER2: human epidermal growth factor
2 receptor.

Table 2. Chemotherapy regimens administered to the treat-
ment line matched non-eribulin group, n¼ 45.

Chemotherapy regimens N %

Anthracycline-based chemotherapy
Doxorubicin in non-pegylated liposomes 5 11%

Taxane-based chemotherapy
Docetaxel 2 4%
Paclitaxel 1 2%
Paclitaxel, trastuzumab, carboplatin, pertuzumab 1 2%

Capecitabine-based chemotherapy
Capecitabine 11 24%
Capecitabine-lapatinib 1 2%
Capecitabine-neratinib 1 2%

Carboplatin-based chemotherapy
Carboplatin 6 13%
Carboplatin-paclitaxel 1 2%

Other
Gemcitabine 3 7%
T-DM1 2 4%
Vinorelbine 10 22%
CMF–trastuzumaba 1 2%

aIntravenous cyclophosphamide.
CMF: cyclophosphamide, methotrexate and 5-fluorouracil; T-
DM1: trastuzumab-emtansine.
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Safety of eribulin

Twenty-one different toxicities caused 35 dose delays or
dose reductions in 31% (N¼ 14) of patients treated with eri-
bulin (the same toxicity could cause multiple dose delay or
reduction in a single patient). Leucopenia or neutropenia
occurred in six patients (13%) and was the most common
toxicity leading to dose delay or reduction (Table 4). Febrile
neutropenia led to dose delay or reduction in one patient

(2%). Two patients had missing data concerning hospitaliza-
tions. Among the remaining 43 patients, eight (19%) were
hospitalized due to toxicities. Two of these patients (5%)
were also hospitalized due to tumor related symptoms.

Discussion

This study aimed to investigate the daily use, relative effect-
iveness and safety of eribulin for ABC treatment, based on

Figure 1. Comparison of progression-free survival (A) and overall survival (B) between the eribulin and the treatment line matched non-eribulin group. CI: confi-
dence interval; OS: overall survival; PFS: progression-free survival.

Table 3. Results of the multivariate Cox proportional hazard models.

PFS OS

Covariates Coefficient (SE) Hazard ratio (95% CI) Significance Coefficient (SE) Hazard ratio (95% CI) Significance

Treatment
Non-eribulin Reference 1.00 – – 1.00 –
Eribulin �0.19 (0.26) 0.83 (0.49–1.38) 0.47 �0.42 (0.27) 0.66 (0.38–1.13) 0.13

Tumor subtype
HRþ/HER2� Reference 1.00 – – 1.00 –
HRþ/HER2þ �0.60 (0.47) 0.55 (0.22–1.37) 0.20 �1.05 (0.51) 0.35 (0.13–0.94) 0.04
HR�/HER2þ 0.01 (0.66) 1.01 (0.28–3.66) 0.98 �0.42 (0.76) 0.66 (0.15–2.93) 0.58
Triple negative 1.02 (0.28) 2.76 (1.58–4.81) <0.01 0.97 (0.31) 2.63 (1.44–4.78) <0.01
Unknown 0.41 (0.72) 1.50 (0.37–6.12) 0.57 0.95 (0.74) 2.60 (0.61–11.09) 0.20

Age at treatment start <�0.01 (0.01) 0.99 (0.96� 1.02) 0.59 <0.01 (0.02) 1.01 (0.98� 1.04) 0.67
Number of previous chemotherapy lines for ABC

2 Reference 1.00 – – 1.00 –
3 �0.65 (0.35) 0.52 (0.26–1.04) 0.06 �0.25 (0.36) 0.78 (0.39–1.58) 0.49
4þ 0.33 (0.31) 1.40 (0.77–2.55) 0.27 0.54 (0.31) 1.72 (0.93–3.19) 0.08

Presence of CNS metastasis
No CNS metastasis Reference 1.00 – – 1.00 –
CNS metastasis 0.76 (0.36) 2.15 (1.06–4.33) 0.03 0.98 (0.40) 2.67 (1.22–5.86) 0.01

CI: confidence interval; CNS: central nervous system; HER2: human epidermal growth factor 2 receptor; HR: hormonal status; SE: standard error.
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data collected in the real-world SONABRE registry. This regis-
try contains patient and treatment information on patients
diagnosed with ABC from 2007 onwards in 12 hospitals from
the southeast of the Netherlands. In this study, eribulin was
administered according to its registration criteria to 38% of
the eligible patient population and a quarter of patients who
received eribulin did not meet its registration criteria.
Treatment with eribulin resulted in a median PFS and OS of
3.5months (95% CI: 2.7–5.5) and 5.9months (95% CI:
4.6–11.0), respectively. PFS and OS of patients treated with
eribulin were not different from PFS and OS of the treatment
line matched non-eribulin group (adjusted HR for PFS: 0.83,
95% CI: 0.49–1.38; adjusted HR for OS: 0.66, 95% CI:
0.38–1.13). The sensitivity analyses led to similar findings.
Fourteen patients (31%) experienced dose delays or reduc-
tions due to toxicities during eribulin treatment.

The median PFS of eribulin treatment observed in this
real world study (3.5months) was comparable with the
median PFS reported in the EMBRACE trial (3.8months) [2]
and previous observational studies (range: 2.9–3.8months)
[6,7,9,13,17,18]. Concerning the relative effectiveness of eri-
bulin on PFS, our HR for PFS (HR: 0.83, 95% CI: 0.49–1.38)
was similar as in EMBRACE (HR: 0.87, 95% CI: 0�71–1�05) [2],
and as the range of HR estimated by Dranitsaris et al. [11]
who estimated the time to treatment failure of eribulin ver-
sus capecitabine, gemcitabine, and vinorelbine in metastatic
TN breast cancer patients treated in US community oncology
practices. The estimated HR for eribulin versus capecitabine,
gemcitabine, and vinorelbine in that study were 1.15 (95%
CI: 0.75–1.76), 0.62 (95% CI: 0.34–1.13), and 1.00 (95% CI:
0.67–1.67), respectively [11]. Except for a recent French study
in which PFS in third or fourth line was improved with eribu-
lin compared with other chemotherapy [13], our results are
in line with previous randomized and non-randomized stud-
ies by showing that eribulin does not improve PFS or time
to treatment failure versus non-eribulin chemother-
apy regimens.

However, eribulin led to a significant OS improvement
in EMBRACE (HR: 0.81, 95% CI 0.66–0.99), in the Japanese
non-randomized study of Kikuchi et al. [HR versus taxane
monotherapy: 0.32 (95% CI: 0.19–0.53), HR versus taxane
with bevacizumab: 0.39 (95% CI: 0.23–0.67)] [12], and in the
retrospective real world study of Jacot et al. [13]. Although
these previous studies demonstrated a significant OS benefit
for the eribulin group, we could not confirm these results.

The HR for OS of eribulin in the current study showed no dif-
ferences in OS between eribulin and non-eribulin treated
patients (HR: 0.66, 95% CI: 0.38–1.13). Also, the median OS
under eribulin treatment in the current study (5.9months)
was noticeably shorter than the median OS observed in
EMBRACE (13.2months), and previous observational studies
(range: 5.9–22.3months) [6–10,12,17–23]. The absolute lower
OS in our study is most likely due to the older age of our
cohort (median age of 61 years old versus 55 years old in
EMBRACE), the presence of CNS metastases in 22% of
patients (versus 0% in EMBRACE), and potentially due to the
extensive number of previous chemotherapy regimens
administered to our patients (33% of patients received 5 or
more previous chemotherapy versus 20% in EMBRACE).
However, our results are in line with the pooled analysis of
observational studies performed by Voutsadakis [24]. He
showed that eribulin treatment led to shorter PFS and OS
estimates in observational studies compared with random-
ized trials, and explained these discrepancies by the less
favorable patient characteristics in observational studies com-
pared with randomized trials (more pretreatment and lower
performance scores in observational studies) [24]. The results
of the current study were not compared with the results of
the trial comparing eribulin to capecitabine because this trial
included patient who received eribulin as first line (0.2%)
and second line (26.5%) [25], and because the registration
criteria of eribulin in the Netherlands in 2013, at the time of
the start of this study, were based on the EMBRACE trial.

The current study confirms the predictable and manage-
able toxicity profile of eribulin. Febrile neutropenia leading
to dose reduction (which is according to the manufacturers
guideline) or delay occurred in 2% of our patients, and
occurred in 5% of patients in the EMBRACE trial [2]. As in
EMBRACE, leucopenia or neutropenia was the most frequent
toxicity (leading to dose delay or reduction), but the inci-
dence of leucopenia or neutropenia (13%) resulting in dose
delay or reduction was lower in the current study than in
the eribulin group of EMBRACE (grade 3–4 leucopenia ¼
14%, grade 3–4 neutropenia ¼ 45%). Incidences of other tox-
icities (e.g. neuropathy, febrile neutropenia, and fatigue)
were comparable to previous observational analyses of eribu-
lin [6,8,9]. Hospitalizations due to toxicity occurred in 31% of
patients in this study, partly combined with tumor related
symptoms, which can be explained by the extensively pre-
treated, late stage of advanced disease in our patients.

The limitations of the current study are its non-random-
ized character and the small number of included treatment
lines. We could therefore adjust the comparison for observed
confounders only. However, due to the limited number of
non-eribulin treatment lines, the GenMatch algorithm was
not able to reduce all differences in baseline characteristics
(e.g., proportion of triple negative tumor subtype). The
remaining discrepancies in observed confounders at baseline
have been accounted for through the multivariate Cox
regression model. A strength of the current study is the
availability of detailed outcomes per treatment lines (PFS,
OS, dose delay and reduction), which made treatment line
matching feasible. Other strengths are the inclusion of

Table 4. Overview of adverse events leading to dose delay or reduction in
the eribulin group, n¼ 45.

Toxicities
Number of
patients %

Leucopenia or neutropenia 6 13%
Neuropathy 4 9%
Gastro-intestinal complaints 3 7%
Fatigue 2 4%
Febrile neutropenia 1 2%
Stomatitis 1 2%
Asymptomatic decreased left ventricular ejection fraction 1 2%
Thrombocytopenia 1 2%
Liver test abnormalities 1 2%
Other 1 2%
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patients from different types of hospitals (teaching, non-
teaching and university), which increases the external validity
of our results. In ABC, many patients are treated with mul-
tiple treatment lines, which may influence treatment effect-
iveness. We accounted for this potential effect by applying
GenMatch on treatment lines.

In the current study, the Kaplan–Meier curves of the eri-
bulin and non-eribulin groups cross each other, which indi-
cates a violation of the PH assumption. The HRs obtained
from the Cox PH models therefore provide an estimation of
the average relative effectiveness of eribulin over time. In
the sensitivity analyses, the median OS estimates of the non-
eribulin groups were longer than the median OS estimate of
the eribulin group, but the HRs were consistently in favor of
eribulin (HR< 1.00). These observations should not be inter-
preted as a discrepancy in results because the median OS
obtained from the Kaplan–Meier curves are point estimates,
while the HR is an estimation of the relative treatment effect-
iveness across the entire time horizon.

Excluding the 15 patients (25%) who received eribulin
outside its indication criteria ensured that the GenMatch
algorithm was applied on groups with similar inclusion crite-
ria since treatment lines administered to non-eribulin treated
patients were included in the GenMatch algorithm when
these patients became eligible for eribulin. Including the
eribulin patients who received eribulin outside its indication
criteria would have created dissimilarities in baseline charac-
teristics (e.g. concerning the number of pretreatment) that
would not have been addressed by the GenMatch algorithm.

This study confirms that applying treatment line matching
is a viable solution to increase the similarity of baseline char-
acteristics between the groups when using observational
data. This is especially useful when the number of eligible
comparator patients is small because different “versions” of
the same patients are included in the comparator group,
which increases its size. Treatment line matching is thus an
extension of matching with replacement. Other types of
malignancy and other disease areas where treatments are
administered in subsequent treatment lines could profit from
applying treatment line matching.

In conclusion, the current real-world study shows that
there is no difference in effectiveness between eribulin and
non-eribulin chemotherapy and that eribulin had a manage-
able toxicity profile. Therefore, eribulin is a treatment option
for ABC patients.
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