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a b s t r a c t

Objective: To compare the real-world effectiveness and costs of eribulin to those of capecitabine in pa-
tients with metastatic breast cancer (MBC) pretreated with anthracyclines and taxanes.
Methods: This study extracted data from the Health and Welfare Database in Taiwan to identify MBC
patients, and then eribulin and capecitabine users were matched at a 1:1 ratio by age, residential region,
Charlson Comorbidity Index score, and molecular subtype of BC cell. The overall survival (OS) and time-
to-treatment discontinuation (TTD) curves were plotted using the KaplaneMeier method. Healthcare
utilization and costs between the two groups were compared.
Results: A total of 24,550 MBC patients were identified, and 298 patients were enrolled in each group
after matching. The median OS was 11.8 months for eribulin (95%CI: 11.5e13.5 months) and 15.2 months
for capecitabine (95%CI: 15.3e17.9 months; HR ¼ 1.7, p < 0.0001). The median TTD was 4.0 months for
eribulin and 6.6 months for capecitabine (HR ¼ 1.6; p < 0.0001). No significant difference was found
between the two groups in patients with >4 prior chemotherapy agents (OS: HR 1.1, 95%CI 0.8e1.5; TTD:
HR 1.2, 95%CI 0.9e1.7). The total healthcare costs per patient during the treatment period were
NT$580,523.8 for eribulin versus NT$497,223.8 for capecitabine (p < 0.0001), and total medication costs
were NT$438,335.8 and NT$348,438.4 (p < 0.0001), respectively.
Conclusion: Although eribulin showed an attenuated effect in the real-world setting in Taiwan, it may
serve as an alternative for capecitabine in a heavy pretreated population. The total healthcare and
medication costs were found to be higher with eribulin treatment.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Breast cancer (BC) is the most frequently diagnosed cancer, and
the secondmost common cause of cancer-related death [1]. Despite
considerable progress and advances over the years, metastatic
breast cancer (MBC) remains treatable but incurable, with a 5-year
survival rate greater than 25% [2,3]. There is no standard of care for
patients pretreated with and resistant to anthracyclines and tax-
anes. Eribulin, capecitabine, and vinorelbine are the alternatives
after patients become refractory to anthracyclines and taxanes.
Additional options include gemcitabine, platinum agents, and
liposomal anthracyclines [4,5].
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Eribulin (Eribulin mesylate, Halaven®, E7389), a nontaxane
microtubule dynamics inhibitor of antineoplastic drugs [6], has
been proven to be an effective new chemotherapeutic agent based
on the pivotal phase III randomized study EMBRACE [7]. Although
another phase III trial, Study 301, failed to demonstrate the supe-
riority of eribulin over capecitabine in terms of overall survival (OS)
or progression-free survival (PFS) [8], a post hoc analysis reported a
significant OS benefit for eribulin amongMBC patients with human
epidermal growth factor receptor 2 (HER2) negative tumors [9].
Since the U.S. Food and Drug Administration’s (FDA) approval of
eribulin in November 2010, real-world evidence of eribulin has
been investigated in various countries and among different eth-
nicities [10e20]. However, there has been a paucity of real-world
studies that included comparative agents in their study design. In
addition to effectiveness analysis, cost study is also crucial, partic-
ularly for chemotherapeutic agents as they can lead to surging drug
costs and toxicity, factors that increase overall costs of treatment
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/
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and hinder the use of innovative medication [21]. At present, there
is little published data regarding the costs associated with eribulin
in treating MBC patients; an exception is a cost analysis in France
that assessed the one-year health care costs of a monocentric MBC
cohort [14]. The total per-patient (PP) costs were estimated at
V18,694, and it was found that eribulin and its associated admin-
istration costs contributed to 79% of PP costs.

In December 2014, Taiwan FDA approved eribulin for the
treatment of refractory MBC patients who have previously received
an anthracycline and a taxane. A real-world study of eribulin in
Taiwan appeared to showa 1-year survival rate similar to that in the
EMBRACE trial [17]. However, it was not conducted nationwide, no
comparative agent was included, and OS was not examined. Also,
there has been no study assessing the cost of eribulin treatment in
Taiwan. Since capecitabine has been commonly used as a salvage or
maintenance therapy for MBC after anthracyclines or taxanes in
Taiwan, and it has been used as a comparison to eribulin in previous
studies, this study aimed to compare the clinical outcomes and
healthcare costs of eribulin to those of capecitabine inMBC patients
and to provide more insight into real-world clinical practice in
Taiwan.

2. Methods

2.1. Data source

Data were extracted from the Health and Welfare Data (HWD)
Science Center, Ministry of Health and Welfare, a large data re-
pository site that preserves, manages, and analyzes health data.
This study examined health data in the National Health Insurance
Research Database (NHIRD), the National Cancer Registry (NCRD),
and the Cause of Death Registry Database, which were all included
in the HWD. The databases can be interlinkedwith each other using
keys and encrypted personal identification numbers. The NHIRD
comprises the claims data of national health insurance benefi-
ciaries, which encompass 99.6% of the 23 million residents in
Taiwan. Patient-level information such as demographic character-
istics, diagnoses, medical assessments, procedures and treatments,
and costs of treatments were recorded in the databases. The ac-
curacy of NHIRD data input is ensured by a peer-review committee
with a disciplinary system. The NCRD accounts for the registration
of 90% of all cancers in Taiwan and preserves clinical data associated
with all newly diagnosed malignant neoplasms, including date of
initial diagnosis, primary cancer site, American Joint Committee on
Cancer (AJCC) staging, and clinical and pathological tumor, node,
metastasis staging. Data is recorded and standardized into a report
by trained cancer registrars and passes through a computerized
logic check to conserve fidelity and quality. The Cause of Death
Registry Database preserves all causes of death (encoded by ICD-
10) in Taiwan by collecting death certificates transferred from the
household registration system. Patient survival and the date of
expiration in the study population were confirmed by examining
this database. These three national health insurance-related data-
bases collect patients’ information until they die. As such, no pa-
tients were lost to follow up.

2.2. Study design and patients

This retrospective observational real-world study was approved
by the Taipei Medical University-Joint Institutional Review Board
(approval number: N201709052). Patients were enrolled from
January 1, 2015 to December 31, 2016 (i.e., enrollment period), then
followed until any cause of death occurred or December 31, 2017,
the date of administrative censoring (i.e., follow-up period). The
inclusion criteria were females aged 20 years or older, diagnosed
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withMBC, and who had received at least one anthracycline and one
taxane. During the screening process, MBC patients were identified
in both the NHIRD and the NCRD. In the NHIRD, MBC patients were
selected by a diagnosis of BC (ICD-9-CM: code 174. XX or ICD-10-
CM: C.50. xxx) in either an inpatient or outpatient claim along
with a prescription record of chemotherapy such as vinorelbine,
capecitabine, gemcitabine, and eribulin. In the NCRD, however,
newly diagnosed patients were identified with a histologically or
cytologically confirmed diagnosis of BC (ICD-O-3: C50. xxx) at AJCC
stage IV. The MBC patients identified in the two databases between
2015 and 2016 were combined into the preliminary study cohort
for further selection.

Eribulin and capecitabine users were identified based on the
chemotherapeutic agent that the patient used after the treatment
failure of both anthracyclines and taxanes. The index date was
defined as the first date with a prescription of eribulin or capeci-
tabine during the enrollment period. Data were traced back to
January 1, 2010 and patients who were not taking eribulin or
capecitabine as a single agent and those with prior use of the
comparative chemotherapy agent were excluded.

2.3. Outcome measures

The primary outcome of this study is OS, defined as the time
from the index date to any cause of death or last follow-up. The
secondary outcomes were: (1) time to treatment discontinuation
(TTD); (2) rate of use of granulocyte-colony stimulating factor (G-
CSF); and (3) healthcare utilization and costs. TTD was defined as
the time from the index date until the date of treatment discon-
tinuation for any reason, including progressive disease, treatment
toxicity, and death. TTDwas also referred to as the treatment period
in this study. The rate of G-CSF use during the treatment period was
measured to elicit the rate of severe neutropenia. Healthcare uti-
lization under assessment included the number of outpatient
oncology visits, inpatient admissions, and emergency room (ER)
visits during the treatment period, while the calculation of
healthcare costs included costs incurred for inpatient services,
outpatient services, ER visits, and medications during the treat-
ment period.

2.4. Statistical analysis and matching

Patients’ characteristics were summarized using descriptive
statistics (means or median and standard deviations [SD]) and
compared between groups using the Student’s t-test for continuous
data while categorical variables were summarized by frequencies
and compared between groups using the Chi-square test. The OS
and TTD curves were plotted using the KaplaneMeier method.
Hazard ratios (HRs) and 95% confidence intervals (CIs) were
calculated using the Cox proportional hazards model. Healthcare
costs and utilization were summarized using descriptive statistics
and measured per-patient (PP) and per-patient-per-month (PPPM)
during the treatment period. Healthcare utilization and various
types of costs between the groups were compared using the Mann-
Whitney U test. In the NHIRD, medical expenditures data were
coded in point values due to the implementation of the global
budget system. For ease of calculation, the points were converted to
monetary values by assigning NT $1 for each point.

To control for confounding factors and minimize differences
between eribulin and capecitabine users, patients in the two
groups were matched at a 1:1 ratio based on age within ± one year,
Charlson Comorbidity Index (CCI) score [22] within ± one point,
residential area, and molecular subtype of BC cell. The matched
patients (i.e., the eribulin group and the capecitabine group) were
included in the subsequent analysis of this study.



Table 1
Baseline characteristics of study patients after matching.

Characteristic Eribulin
(n ¼ 298)

Capecitabine
(n ¼ 298)

n % N %

Age
20e30 0 0.0 0 0.0
31e40 12 4.0 11 3.7
41e50 82 27.5 85 28.5
51e60 129 43.3 135 45.3
61e70 71 23.8 64 21.5
71e80 4 1.3 3 1.0
>¼81 0 0.0 0 0.0
Mean (SD) [Median], years 54.3 (7.9) [55] 54.3 (7.9) [55]
P value 0.97

Geographical region
North 154 51.7 154 51.7
South 93 31.2 93 31.2
Central 51 17.1 51 17.1
East 0 0 0 0

P value 1

CCI score
2 22 7.4 28 9.4
3 20 6.7 15 5.0
4 4 1.3 3 1.0
8 124 41.6 129 43.3
9 80 26.8 79 26.5
10 33 11.1 37 12.4
>¼11 15 5.0 7 2.3
Mean (SD) [Median], points 7.8 (2.4) [8] 7.7 (2.4) [8]
P value 0.68

Cancer cell type (phenotype)
ER/PR positive 261 87.6 261 87.6
HER2 positive 90 30.2 90 30.2
ER/PR and HER2 positive 74 24.8 74 24.8
ER/PR and HER2 negative 21 7.0 21 7.0
P value 1

Number of previous CT agents
2 3 1.0 5 1.7
3 54 18.1 102 34.2
4 67 22.5 87 29.2
5 78 26.2 55 18.5
6 52 17.4 25 8.4
7 36 12.1 20 6.7
>¼8 8 2.7 4 1.3
Mean (SD) [Median] 4.9 (1.4) [5] 4.2 (1.3) [4]
P value <0.0001

History of chemotherapy agents
Doxorubicin/liposomal doxorubicin 135 45.3 110 36.9
Epirubicin 189 63.4 204 68.5
Docetaxel 243 81.5 249 83.6
Paclitaxel 190 63.8 129 43.3
Cyclophosphamide 258 86.6 279 93.6
Cisplatin 99 33.2 71 23.8
Carboplatin 16 5.4 5 1.7
Gemcitabine 146 49.0 83 27.9
Vinorelbine 164 55.0 115 38.6
Methotrexate 15 5.0 17 5.7
P value 0.29

CCI Charlson Comorbidity Index, ER Estrogen receptor, HER2 Human epidermal
receptor 2, PR Progesterone receptor, SD Standard deviation.
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Subgroup analysis was performed to investigate the outcomes of
interest between eribulin and capecitabine while controlling for
the line of chemotherapy treatment. First, the number of previous
chemotherapy agents was calculated for identified eribulin and
capecitabine users, and the two groups were matched at a 1:1 ratio
based on age within ± one year, CCI score within ± one point,
residential area, molecular subtype of BC cell, and early or late
therapeutic line depending on whether the patients had received
�4 previous chemotherapies or more than four (i.e., fifth- or
earlier-line vs. sixth- or later-line). The variables used for matching
were selected according to the EMBRACE trial and previous real-
world studies [7,14,17,23]. The matching of groups was done using
a macro that performs a greedy match algorithm with SAS® soft-
ware, as defined elsewhere [24].

3. Results

3.1. Patients’ characteristics

From Jan 1, 2015 to Dec 31, 2016, 24,550 MBC patients were
identified in the NHIRD and the NCRD. Among them, 567 patients
used eribulin after treatment failure with anthracyclines and tax-
anes, and 1674 patients used capecitabine. After excluding patients
with prior or concurrent use of the comparative chemotherapy
agent and 1:1 matching, 298 patients were assigned to the eribulin
and capecitabine groups, respectively.

Patients’ baseline characteristics were comparable between the
two treatment groups (Table 1). Most of the patients were ages
51e60 years, with a mean of 54.3 years in both groups. Half of the
patients were from the northern district (51.7%), approximately 85%
of the patients had a CCI score of eight or greater, more than half of
the patients were with hormone receptor expression (87.6%), and
most of the patients had received at least four chemotherapy (CT)
agents.

3.2. Effectiveness and the use of G-CSF

Until the date of administrative censoring (i.e. 31st December
2017), there were 214 (71.8%) deaths in the eribulin group and 157
(52.7%) deaths in the capecitabine group. The 1-year survival rate
was 49.0% (deaths ¼ 152) in the eribulin group and 65.1%
(deaths ¼ 104) in the capecitabine group. Median OS was 11.8
months (95%CI, 11.5e13.5 months) for eribulin compared to 15.2
months (95%CI, 15.3e17.9 months) for capecitabine, resulting in an
HR of 1.7 (95%CI, 1.4 to 2.1; p < 0.0001). The Kaplan-Meier graph of
OS is presented in Fig. 1A.

Median TTD was 4.0 months (95%CI 5.5e6.9) in the eribulin
group and 6.6 months (95%CI 9.0e11.1) in the capecitabine group
(HR 1.6; 95%CI 1.3e1.9; p < 0.0001). Until the date of administrative
censoring, there were 280 and 261 (94.0% and 87.6%, respectively)
treatment discontinuations in the eribulin and capecitabine groups,
respectively, with a median TTD of 3.8 months and 4.7 months,
respectively. The Kaplan-Meier graph of TTD is plotted in Fig. 1B.

Subgroup analysis (Fig. 2) demonstrated that when capecitabine
and eribulin were initiated in patients with >4 prior chemotherapy
agents (i.e., the study treatment was at least a sixth- or later-line
treatment), there was no significant difference between the two
groups’ median OS or TTD (OS: HR 1.1, 95%CI 0.8e1.5; TTD: HR 1.2,
95%CI 0.9e1.7). However, capecitabine performed better than eri-
bulin when each was initiated as a fifth-line or earlier chemo-
therapy treatment (OS: HR 1.7, 95%CI 1.2e2.4; TTD: HR 1.4, 95%CI
1.1e1.9).

Among patients receiving eribulin, 135 (45.3%) received G-CSF
during the treatment period. In comparison, 41 (13.8%) patients
taking capecitabine received with the same. A univariate logistic
20
regression analysis suggested the odds ratio to be 5.2 (95%CI
3.5e7.8, p < 0.0001).
3.3. Healthcare utilization and costs

Healthcare utilization and costs PP as well as PPPM during the
treatment period were calculated and are summarized in Tables 2



Fig. 1. Kaplan-Meier graph of (A) OS and (B) TTD.

Fig. 2. Subgroup analysis of (A) OS and (B) TTD by the number of previous chemo-
therapy agents.
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and 3, respectively. As shown in Table 2, although patients receiving
eribulin treatment tended to visit an outpatient oncologist less
frequently (p ¼ 0.049), the mean PP medical cost of outpatient
oncology visits was higher than that for patients receiving capeci-
tabine (NT$405,654.1 vs. NT$371,177.7; p ¼ 0.003). As for the
emergency room and hospitalization costs, no difference was found
between the two groups. The mean total PP medical costs for eri-
bulin and capecitabine were NT$ 580,523.8 and NT$ 497,223.8,
respectively (p < 0.0001). Outpatient costs contributed to approx-
imately 70% of the total medical costs of both eribulin and capeci-
tabine while drug costs contributed to a greater proportion of total
medical costs for eribulin than for capecitabine (60.4% vs. 15.3%).

As presented in Table 3, the mean PPPM medical cost of
oncology visits for eribulin was NT$88,442.7, which doubled that of
capecitabine (NT$42,246.9). Similar to PP costs, the PPPM emer-
gency room costs were comparable between the two groups, albeit
eribulin patients’ utilization was higher. The mean PPPM total
medical cost of eribulin was NT$ 148,984.3 (95%CI, NT$134,563.9-
NT$163,404.8), with around 60% of it resulting from eribulin’s
drug cost and the cost of outpatient oncology visits. In contrast, the
mean PPPM total medical cost of capecitabine (NT$ 103,521.6; 95%
CI, NT$ 65,821.9-NT$141,221.4) was mainly driven by hospitaliza-
tions (58.3%).
21
Overall, compared to capecitabine, eribulin had both higher
total medical costs and higher total medication costs PP and PPPM.
4. Discussion

This is the first real-world study investigating the effectiveness
and cost of eribulin in Taiwan. Also, to the best of our knowledge, it
is the first observational study that included capecitabine as a
comparator to eribulin.

Patient characteristics in this study moderately mirror those in
previous studies. The average age of our study sample was 54 years
old, which is the same as that in the EMBRACE trial and Study 301,
and the proportion of study patients with estrogen receptor posi-
tive or HER2 positive receptor was also comparable [7,8]. However,
compared to those two clinical trials, patients in the present study
were receiving MBC treatment for a worse baseline health condi-
tion, as indicated by higher CCI scores and a greater number of
previous lines of chemotherapy. These characteristics were instead
similar to those in the eribulin real-world study by Hurtaud et al.
where study patients were closer to routine clinical practice, with
19.5% of patients having received more than six previous chemo-
therapy regimens [14].

Compared to Study 301, the only clinical trial to compare eri-
bulin and capecitabine, a shorter OS of eribulin was observed in the
present study (15.9 months vs. 11.8 months). The discrepancy may



Table 2
Healthcare utilization and costs per-patient (eribulin vs. capecitabine).

Eribulin Capecitabine p value

N Median Mean 95%CI N Median Mean 95%CI

Healthcare utilization
Outpatient oncology visits (n) 278 17.0 28.4 24.8e32.0 281 23.0 38.8 33.6e43.9 0.049
Emergency room visits (n) 85 1.0 2.0 1.6e2.4 73 1.0 2.3 1.8e2.8 0.68
Hospitalizations (n) 160 2.0 4.3 3.3e5.3 157 2.0 3.6 2.8e4.4 0.40
Days of hospitalization (n) 160 13.0 32.8 23.0e42.6 157 14.0 36.8 10.6e63.0 0.64

Medication cost
Cost of eribulin/capecitabine 298 254,300.0 350,458.6 312,554.0e388,363.2 298 46,144.0 76,247.7 66,776.6e85,718.8 <0.0001
Cost of G-CSF 298 0.0 16,899.6 12,897.0e20,902.3 298 0.0 2313.8 1217.3e3410.3 <0.0001

Total medication cost 298 305,335.0 438,335.8 388,488.1e488,183.5 298 154,731.0 348,438.4 294,184.5e402,692.3 <0.0001
Medical cost
Cost of outpatient oncology visits 298 262,319.0 405,654.1 353,578.1e457,730.1 298 181,910.5 371,177.7 313,071.4e429,284.0 0.003
Cost of emergency room visits 298 0.0 2880.2 2055.9e3704.5 298 0.0 2865.3 1490.8e4239.9 0.18
Cost of hospitalizations 298 25,524.5 171,989.5 125,334.7e218,644.3 298 11,733.5 123,180.8 95,876.9e150,484.7 0.45

Total medical cost 298 367,653.0 580,523.8 514,217.1e646,830.4 298 282,622.5 497,223.8 431,400.1e563,047.6 <0.0001

G-CSF granulocyte-colony stimulating factor.

Table 3
Healthcare utilization and costs per-patient-per-month (eribulin vs. capecitabine).

Eribulin Capecitabine p value

N Median Mean 95%CI N Median Mean 95%CI

Healthcare utilization
Outpatient oncology visits (n) 278 5.1 5.6 5.2e5.9 281 4.0 4.7 4.3e5.1 <0.0001
Emergency room visits (n) 85 0.4 0.7 0.5e0.9 73 0.2 0.7 0.3e1.0 0.002
Hospitalizations (n) 160 0.9 1.5 1.1e2.0 157 0.4 1.2 0.8e1.6 0.0006
Days of hospitalization (n) 160 5.2 11.6 9.1e14.0 157 2.1 14.8 7.5e22.1 0.01
Medication cost
Cost of eribulin/capecitabine 298 75,493.8 88,414.2 80,803.2e96,025.3 298 9471.2 12,137.8 10,273.6e14,002.1 <0.0001
Cost of G-CSF 298 0.0 5293.9 3515.5e7072.3 298 0.0 974.0 100.1e1848.0 <0.0001
Total medication cost 298 89,062.4 107,366.5 98,030.6e116,702.4 298 34,673.4 47,438.6 41,168.5e53,708.7 <0.0001
Medical cost
Cost of outpatient oncology visits 298 87,487.4 88,442.7 81,706.4e95,179.0 298 35,212.1 42,246.9 38,072.7e46,421.0 <0.0001
Cost of emergency room visits 298 0.0 967.1 593.8e1340.5 298 0.0 913.2 232.0e1594.5 0.09
Cost of hospitalizations 298 3425.2 59,574.5 45,350.4e73,798.7 298 748.5 60,361.6 23,910.6e96,812.5 0.10
Total medical cost 298 114,335.0 148,984.3 134,563.9e163,404.8 298 51,706.4 103,521.6 65,821.9e141,221.4 <0.0001

G-CSF granulocyte-colony stimulating factor.
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be explained by the differences between clinical trials and real-
world studies and also by the fact that 99.3% of patients in Study
301 had received no more than two previous CT regimens for
advanced disease. With regards to HR status, among the HR-
population in the Study 301, although the OS and PFS of the Eri-
bulin group were longer than those of the capecitabine group, the
difference did not reach statistical significance (p ¼ 0.05 and 0.82,
respectively) [25]. Moreover, in two other clinical trials (eribulin vs.
physician choice in one; eribulin vs. vinorelbine in the other), the
efficacy of eribulin in patients with positive hormone receptor is
similar to that in patients with negative hormone receptor status
[26,27]. In a further analysis, we explored the potential effect of HR
and HER2 status using multiple regression analysis, but no statis-
tical significance was observed. Although there is no real-world
study comparing eribulin and capecitabine to serve as a refer-
ence, the median OS of eribulin observed in this study is slightly
longer than those of other real-world studies involving eribulin in
Denmark, Italy, and Japan [11,12,15]. Also, the 1-year survival of
patients on eribulin observed in the present study mirrors the
result published by Hurtaud et al. in France (42%) [14]. Therefore,
even though the effectiveness of eribulin was not as good as that of
capecitabine, the performance of eribulin in this study is compa-
rable to and even better than that reported in other real-world
studies. Moreover, in the subgroup analysis, we discovered that
eribulin exhibited the same benefits as capecitabine when both
were administered in chemotherapy lines greater than five. Our
22
findings provided a better understanding of the effectiveness of
eribulin since few published studies have inspected the impact of
the line of treatment.

The rate of G-CSF use in this study indicates that the rate of
severe neutropenia in eribulin users observed in Taiwanwas higher
than those in Europe and the U.S [7,8,10,12]. It has been suggested
that severe neutropenia could be more pronounced in east Asian
populations, which is particularly reflected in the use of eribulin as
a late-line treatment [28]. Indeed, an incidence rate of 57.4% for
grade 4 neutropenia was observed in eribulin users in South Korea,
and up to two-thirds of eribulin users had neutropenia in Japan
[16,18].

The cost items included in this analysis were comprehensive
and consisted of all healthcare products and services reimbursed by
the NHI. Although the estimated treatment costs cannot be
compared with other studies directly due to different health care
policies and systems among countries and variations in study
methods, previous cost and cost-effectiveness studies conducted in
the US, the UK, and the Southeast Netherlands also concluded that
eribulin was expensive and not cost-effective when compared to
other chemotherapies [23,29,30].

At an advanced stage of MBC, whether to continue with
chemotherapy is a tough decision, as the benefits are debatable
[31]. Since November 2010 when eribulin received approval from
the US FDA, studies have been conducted to examine its real-world
effectiveness and costs. However, no study has compared the
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benefit of eribulin with another chemotherapy agent. Moreover,
although capecitabine is effective and commonly prescribed, its
adverse events of hand-foot syndrome occurred in 50e60% of its
users [32], and some of the cases were extreme, leaving physicians
with no choice but to discontinue the treatment. In this study,
eribulin was found to show comparable benefits to capecitabine in
patients who had received more than four chemotherapy agents;
therefore, eribulin may serve as an alternative for patients who
have been heavily pretreated and for whom capecitabine is con-
traindicated. The costs analysis in this study discovered that the
high treatment cost of eribulin was mainly driven by the high drug
acquisition cost. Although the price of eribulin has dropped 9.7%
since being approved by the Taiwan FDA, additional price negoti-
ation is warranted. Moreover, as eribulin was found to be less
effective and costlier than its comparator, further comprehensive
health technology assessments of eribulin should be performed
using real-world data. To further minimize selection bias and the
imbalance in the line of chemotherapy between eribulin and
capecitabine, future research aiming to evaluate eribulin as used in
various lines of chemotherapy is warranted. In addition, the best
sequential use of eribulin after the failure of anthracyclines and
taxanes also needs to be examined.

The major limitation to this study resulted from the use of the
HWD, which makes the study subject to potential data coding er-
rors and missing data. Also, we were unable to know whether the
assigned treatment was actually administered. Nevertheless,
considering the high drug cost and the administration setting (i.e.,
in hospitals), the chance of not being administered is quite low. In
addition, the absence of information about lab tests and biomedical
images in the study databases prevented us from evaluating PFS.
Although TTD was designed as a surrogate for PFS to demonstrate
the effectiveness of comparators, care should be taken when
comparing our TTD to PFS reported in other studies. Similarly, a G-
CSF prescription was used as a proxy for the occurrence of severe
neutropenia, which may have overestimated the rate of adverse
events since prophylactic treatment may have also been included.
Also, only reimbursed medications were recorded in the HWD so
patients’ treatment history may not be complete, particularly for
late-line therapies. Moreover, although great efforts were made to
alleviate potential confounding, the effects of selection bias and
unequal disease burden/spread may still have existed. Finally, the
follow-up period was limited by data availability (the last date of
available data in the HWD was Dec 31, 2017).
5. Conclusions

This population-based real-world study provides a better un-
derstanding of the effectiveness of eribulin in refractory MBC pa-
tients who had failed to respond to anthracyclines and taxanes in
Taiwan. Despite the potential biases, our study results suggest that
eribulin has shorter OS and TTD when compared to capecitabine;
however, that difference no longer exists when the drugs are both
initiated as sixth- or later-lines of chemotherapy. Therefore, eri-
bulin may serve as an alternative for those heavily pretreated pa-
tients and those for whom capecitabine is contraindicated. In
addition, the rate of G-CSF use and the total medical and medica-
tion costs were found to be higher with eribulin treatment.
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