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Abstract
Purpose The purpose of this study was to estimate the overall survival (OS) in real-world clinical practice in patients with 
metastatic breast cancer (MBC) and visceral metastases (liver or lung) treated in the third-line setting with eribulin, gemcit-
abine or capecitabine overall and in the major clinical categories of MBC (TNBC, HR+/HER2−, and HER2+).
Methods A retrospective, observational study was conducted with de-identified patient electronic health records from the 
Cancer Treatment Centers of America (CTCA). Patients with a diagnosis of metastatic breast with lung or liver metastases, 
and treated with eribulin, gemcitabine, or capecitabine as third-line therapy were included in the analysis. Landmark survival 
was calculated as percentage of patients alive at 6, 12, 24, and 36 months. Overall survival was compared between treatment 
arms within TNBC and HR+/HER2− using log-rank analysis. Cox regression analyses was performed to estimate hazard 
ratios for comparison of treatments within TNBC and HR+/HER2− subtype.
Results 443 patients with liver or lung metastases received third-line therapy with eribulin (n = 229), gemcitabine (n = 134), 
or capecitabine (n = 80). Eribulin patients had a higher percentage of patients alive at all landmark timepoints vs. gemcitabine, 
and a higher percentage of patients alive until 36 months vs. capecitabine. Median survival times showed that overall, and 
within the TNBC and HR+/HER2− subtype, patients receiving eribulin had a numerically higher median overall survival.
Conclusions This real-world evidence study is consistent with randomized clinical trial data and demonstrates consistency 
of eribulin effectiveness in MBC patients with lung or liver metastases overall and in TNBC and HR+/HER2− disease.
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Background

An estimated 268,600 cases of invasive breast cancer were 
diagnosed in 2019, and approximately 6% of these were 
stage 4, or de novo metastatic breast cancer (MBC) [1]. 
For patients diagnosed with earlier stages of breast can-
cer, approximately 30% will eventually develop recurrent 
advanced or metastatic disease [2]. Although survival ben-
efits have been observed in patients with MBC over the past 
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several decades [3], 5 year survival rates remain approxi-
mately 27% [1], and the disease remains incurable [3].

Prognosis among patients with MBC varies based on 
hormone receptor (HR) and human epidermal growth fac-
tor receptor 2 (HER2) status. Patients with triple-negative 
breast cancer (TNBC) have been shown to have a substan-
tially shortened median survival when compared to patients 
with hormone receptor positive (HR+, HER2−) and HER2+ 
breast cancer [4, 5]. Metastatic patterns of breast cancer have 
also been shown to vary by hormone receptor status. TNBC 
patients have an increased incidence of visceral and cer-
ebral distant metastases [4]. Furthermore metastatic breast 
cancer patients with visceral metastases to the liver and/
or lung have a particularly poor prognosis, extent of which 
could differ by breast cancer subtype [6]. As per the National 
Comprehensive Cancer Network (NCCN) guidelines version 
2.2020, women with HR- MBC tumors not localized to bone 
or soft tissue only, that are associated with symptomatic vis-
ceral metastasis or those that have HR+ MBC that is refrac-
tory to endocrine therapy, should receive chemotherapy [7].

There are several chemotherapeutic agents available 
that have been shown to be effective either as single agents 
or in combination for the treatment of MBC [7]. Therapy 
selection should be based on individual patient factors (e.g. 
previous chemotherapy exposure and response, comorbid 
conditions, patient preference, etc.). Additionally, route 
of administration could also be a consideration in therapy 
selection. Intravenous (IV) agents may help to avoid dosing 
mistakes (i.e. patients forgetting treatment breaks or tak-
ing incorrect doses), adherence issues, handling or storage 
issues, and adverse event management [8]. Eribulin, gem-
citabine, and capecitabine are three agents used in the MBC 
setting that offer different routes of administration. Eribulin, 
an IV microtubule inhibitor, was first approved in the U.S. in 
2010 for the treatment of patients with metastatic breast can-
cer who have previously received at least two chemothera-
peutic regimens for the treatment of metastatic disease. Prior 
therapy should have included an anthracycline and a taxane 
in either the adjuvant or metastatic setting [9]. Gemcitabine, 
an IV pyrimidine antimetabolite, was approved in the United 
States in 2004 in combination with paclitaxel, and is indi-
cated for the first-line treatment of patients with metastatic 
breast cancer after failure of prior anthracycline-containing 
adjuvant chemotherapy, unless anthracyclines were clini-
cally contraindicated [10]. Gemcitabine is recommended 
as a preferred single agent in HER2-ve metastatic breast 
cancer as per NCCN guidelines [7]. Capecitabine is an oral 
nucleoside metabolic inhibitor approved in 1998 in com-
bination with docetaxel after failure of prior anthracycline 
containing therapy and as monotherapy in patients resistant 
to both paclitaxel and an anthracycline-containing regimen 
[11]. In addition, capecitabine was approved in 2007 for use 
with lapatinib, for patients with HER2+ MBC and who have 

received prior therapy including an anthracycline, a taxane, 
and trastuzumab [11, 12].

A pooled analysis from two phase 3 trials of patients 
with MBC treated with eribulin versus control chemo-
therapy (capecitabine or treatment of physician’s choice 
(TPC) after 0–5 prior chemotherapy regimens, including an 
anthracycline and a taxane in the early or advanced setting) 
demonstrated improvement in overall survival (OS) favor-
ing eribulin [13]. In the phase 3 trial comparing eribulin 
to capecitabine, a numerical trend favoring eribulin in OS 
was noted, that was not statistically significant [14]. While 
clinical trial data has thus overall shown a survival benefit 
in patients treated with eribulin, there is sparse informa-
tion available (particularly in the U.S.) to demonstrate this 
benefit in a real-world setting [3]. The purpose of this study 
was to estimate the OS in real-world settings in patients 
with MBC and visceral metastases (liver or lung) who were 
treated specifically in the third-line setting with eribulin, 
gemcitabine or capecitabine in the United States overall and 
further analyzed by receptor status (TNBC, HR+/HER2−, 
and HER2+).

Methods

Study design and data source

A retrospective, observational study was conducted with de-
identified patient electronic health records (EHRs) from the 
Cancer Treatment Centers of America (CTCA). The CTCA 
consists of a network of five comprehensive cancer care and 
research centers throughout the U.S. The CTCA focuses 
on integrated, patient-centered comprehensive cancer care. 
Data used in this study included information on patients 
from over 39 community oncologists across the U.S. and 
covered the time period from January 1, 2012 through Octo-
ber 13, 2018. The study was approved by the Institutional 
Review Board.

Study population and determination of line 
of therapy

Patients who met the following inclusion criteria were 
included in the analysis:

• breast cancer diagnosis as defined by an ICD-9 or ICD-10 
code

• confirmed stage 4 disease (as per the American Joint 
Committee on Cancer diagnostic criteria) or recurrent/
metastatic disease

• lung or liver site of metastases as confirmed by radio-
graphic records
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• treated with eribulin, gemcitabine, or capecitabine as 
third-line therapy

The first prescription or administration date of eligible 
anticancer therapy was the index date. All anticancer ther-
apy prescribed/administered/documented within the first 
30 days of the start date of a line of therapy (i.e. index 
date + 29 days) was considered to be part of that line of 
therapy. The end date of therapy was defined as the earli-
est of any of the following: physician documentation that 
a treatment had been discontinued, addition or substitu-
tion of a new agent after the initial agent, a treatment gap 
of ≥ 60 days after the runout date of all agents in the line 
of therapy, death, or end of the study period. Instances 
where a new agent was added or substituted, the end date 
was defined as the day prior to the start of the new agent. 
Discontinuation of one agent from a multidrug regimen 
did not qualify as ending that line of therapy. In instances 
where a treatment gap of ≥ 60 days was noted, the line of 
therapy end date was the last date prior to the gap. The 
duration of treatment was calculated as the time period 
between the start and the end of treatment. Patients were 
grouped into treatment cohorts for the analysis based on 
the third-line therapy received and were also stratified by 
hormone receptor subtype.

Statistical analyses

Patient demographics and clinical characteristics were 
reported by treatment. Overall Survival (OS) was the pri-
mary outcome measured in the analysis. Landmark sur-
vival percentages at 6, 12, 24, and 36 months and median 
OS (95% CI) were reported by treatment and stratified by 
hormone receptor status. Kaplan–Meier analyses were 
conducted by treatment arm within the TNBC and HR+/
HER2− hormone receptor subgroups. Overall survival for 
patients treated with eribulin were compared with gemcit-
abine and capecitabine respectively using Kaplan–Meier 
curves with log-rank analysis. Patients alive at data cut-off 
were censored using the last assessment date. Median overall 
survival was estimated for each treatment arm overall and 
by hormone receptor status. Cox regression analysis was 
implemented to estimate hazard ratios for comparison of 
treatments within each hormone receptor subtype. All analy-
ses were conducted using SAS, v9.4.

Results

There were 1828 patients initially identified with MBC. Of 
these, 1471 had visceral metastases (liver or lung), and 443 
received third-line therapy with eribulin (n = 229), gemcit-
abine (n = 134), or capecitabine (n = 80) (Table 1). In the 

Table 1  Demographics and clinical characteristics by treatment

ECOG Eastern Cooperative Oncology Group, ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2, 
HR hormone receptor, SD standard deviation, TNBC triple negative breast cancer and is defined as ER−, PR− and HER2−
a These groups are designed to be mutually exclusive
b HR+/HER2− includes ER+ and/or PR+ and HER2−
c HER2+ includes ER+ and/or PR+ and HER2+

Eribulin (n = 229) Gemcitabine (n = 134) Capecitabine (n = 80)

Age (years), mean (SD) 55.0 (8.63) 55.9 (9.49) 55.5 (9.7)
Race, n (%)
 Caucasian 120 (52.40) 69 (51.49) 42 (52.50)
 African American 84 (36.68) 59 (44.03) 29 (36.25)
 Other 25 (10.92) 6 (4.48) 9 (11.25)

ECOG performance status, n (%)
 0 39 (17.03) 15 (11.19) 23 (28.75)
 1 119 (51.97) 63 (47.01) 34 (42.50)
 2 53 (23.14) 43 (32.09) 9 (11.25)
 3 12 (5.24) 9 (6.72) 5 (6.25)
 4 1 (0.44) 0 1 (1.25)
 Unknown 5 (2.18) 4 (2.99) 8 (10.00)

Hormone receptor and HER2  subtypea, n (%)
 TNBC 66 (28.82) 36 (26.87) 20 (25.00)
 HR+/HER2−b 142 (62.0) 77 (57.5) 41 (51.3)
 HER2+ c 21 (9.17) 21 (15.67) 19 (23.75)
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cohort of patients treated with eribulin, the majority were 
Caucasian (52%) and had ECOG status of 0 or 1 (69%) with 
an average age of 55 years. The distribution of hormone 
receptor subtypes in the eribulin group was TNBC (29%), 
HR+/HER2− (62%), and HER2+ (9%). The three treatment 
cohorts were similar in age and ethnicity, though a higher 
proportion of ECOG 0 and HER2+ subtype in the capecit-
abine cohort were observed (Table1).

Landmark survival at 6, 12, 24 and 36 months for all 
patients treated with eribulin was 65%, 38%, 14%, and 7%, 
respectively. Corresponding landmark survival for each time 
point by hormone receptor subtype for patients treated with 
eribulin were as follows: for TNBC: 49%, 35%, 20%, and 
8%, respectively, for HR+/HER2−: 72%, 42%, 11%, and 
7%, respectively, and for HER2+: 71%, 24%, 14%, and 5%, 
respectively (Table 2).

Landmark survival at 6, 12, 24 and 36 months for all 
patients treated with gemcitabine was 55%, 30%, 12%, and 
7%, respectively. Corresponding landmark survival for each 
time point by hormone receptor subtype for patients treated 
with gemcitabine were as follows: for TNBC: 50%, 31%, 
20%, and 3%, respectively, for HR+/HER2−: 51%, 27%, 
10%, and 3%, respectively, and for HER2+: 81%, 38%, 19%, 
and 14%, respectively (Table 2).

Landmark survival at 6, 12, 24 and 36 months for all 
patients treated with capecitabine was 49%, 30%, 13%, and 
10%, respectively. Corresponding landmark survival by 
hormone receptor subtype for each time point for patients 
treated with capecitabine were as follows: for TNBC: 45%, 
25%, 15%, and 15%, respectively, for HR+/HER2−: 46%, 
24%, 12%, and 7%, respectively; and for HER2+: 58%, 47%, 
11%, and 11%, respectively (Table 2).

The median OS in the all-patient cohort was 9.8 months 
(95% CI 8.3, 12.8) for eribulin, 7.2 months (95% CI 5.8, 
10.3) for gemcitabine, and 9.1 months (95% CI 6.3, 15.4) 
for capecitabine (Table 2). Median overall survival with 
eribulin was numerically higher in TNBC patients and HR+/
HER2− patients, compared to HER2+ patients. (Table 2), 
though the small sample size of the HER2+ makes it chal-
lenging to make comparisons. Survival analysis for the three 
treatments stratified by hormone receptor subtype showed 
a trend favoring eribulin within the TNBC patient subtype 
compared to gemcitabine [HR (95% CI) 0.82 (0.51, 1.30)] 
and capecitabine [HR (95% CI) 0.77 (0.43, 1.38)], though 
it was not statistically significant. Lack of statistical signifi-
cance could potentially be due to these small sample sizes 
(Fig. 1). Survival analysis within HR+/HER2− patient sub-
type showed a trend favoring eribulin compared to gemcit-
abine [HR (95% CI) 0.69 (0.51, 0.95)]. No statistical sig-
nificance was observed between eribulin and capecitabine 
[HR (95% CI) 1.04 (0.64, 1.67)] (Fig. 2). No statistical dif-
ferences were noted in survival for HER2+ patients between 
eribulin and gemcitabine or capecitabine. Ta

bl
e 

2 
 L

an
dm

ar
k 

ov
er

al
l s

ur
vi

va
l a

nd
 e

sti
m

at
ed

 m
ed

ia
n 

ov
er

al
l s

ur
vi

va
l b

y 
ho

rm
on

e 
re

ce
pt

or
 su

bt
yp

e

C
I c

on
fid

en
ce

 in
te

rv
al

, H
ER

2 
hu

m
an

 e
pi

de
rm

al
 g

ro
w

th
 fa

ct
or

 re
ce

pt
or

 2
, H

R 
ho

rm
on

e 
re

ce
pt

or
, N

R 
no

t r
ea

ch
ed

, O
S 

ov
er

al
l s

ur
vi

va
l, 
TN

BC
 tr

ip
le

 n
eg

at
iv

e 
br

ea
st 

ca
nc

er

A
ll 

pa
tie

nt
s

TN
B

C
H

R
+

/H
ER

2−
H

ER
2+

Er
ib

ul
in

 
(N

 =
 22

9)
G

em
ci

ta
bi

ne
 

(N
 =

 13
4)

C
ap

ec
ita

bi
ne

 
(N

 =
 80

)
Er

ib
ul

in
 

(N
 =

 66
)

G
em

ci
ta

bi
ne

 
(N

 =
 36

)
C

ap
ec

ita
bi

ne
 

(N
 =

 20
)

Er
ib

ul
in

 
(N

 =
 14

2)
G

em
ci

ta
bi

ne
 

(N
 =

 77
)

C
ap

ec
ita

bi
ne

 
(N

 =
 41

)
Er

ib
ul

in
 

(N
 =

 21
)

G
em

ci
ta

bi
ne

 
(N

 =
 21

)
C

ap
ec

ita
bi

ne
 

(N
 =

 19
)

La
nd

m
ar

k 
su

rv
iv

al
 (n

, %
 su

rv
iv

in
g)

 6
 m

on
th

s
14

9 
(6

5.
1%

)
74

 (5
5.

2%
)

39
 (4

8.
8%

)
32

 (4
8.

5%
)

18
 (5

0.
0%

)
9 

(4
5.

0%
)

10
2 

(7
1.

8%
)

39
 (5

0.
7%

)
19

 (4
6.

3%
)

15
 (7

1.
4%

)
17

 (8
1.

0%
)

11
 (5

7.
9%

)
 1

2 
m

on
th

s
87

 (3
8.

0%
)

40
 (2

9.
9%

)
24

 (3
0%

)
23

 (3
4.

9%
)

11
 (3

0.
6%

)
5 

(2
5.

0%
)

59
 (4

1.
6%

)
21

 (2
7.

3%
)

10
 (2

4.
4%

)
5 

(2
3.

8%
)

8 
(3

8.
1%

)
9 

(4
7.

4%
)

 2
4 

m
on

th
s

32
 (1

4.
0%

)
16

 (1
1.

9%
)

10
 (1

2.
5%

)
13

 (1
9.

7%
)

4 
(1

1.
1%

)
3 

(1
5.

0%
)

16
 (1

1.
3%

)
8 

(1
0.

4%
)

5 
(1

2.
2%

)
3 

(1
4.

3%
)

4 
(1

9.
1%

)
2 

(1
0.

5%
)

 3
6 

m
on

th
s

16
 (7

%
)

9 
(6

.7
%

)
8 

(1
0%

)
5 

(7
.6

%
)

1 
(2

.8
%

)
3 

(1
5.

0%
)

9 
(7

.0
%

)
5 

(6
.5

%
)

3 
(7

.3
%

)
1 

(4
.8

%
)

3 
(1

4.
3%

)
2 

(1
0.

5%
)

Es
tim

at
ed

 m
ed

ia
n 

O
S 

(9
5%

C
I)

 M
on

th
s 

(9
5%

 C
I)

9.
8 

(8
.3

, 1
2.

8)
7.

2 
(5

.8
, 1

0.
3)

9.
1 

(6
.3

, 1
5.

4)
7.

0 
(5

.2
, 1

2.
9)

6.
0 

(3
.3

, 1
1.

8)
5.

5 
(1

.8
, 9

.4
)

11
 (8

.5
, 1

4.
1)

6.
4 

(4
.8

, 8
.5

)
9.

1 
(3

.3
, N

R
)

10
.3

 (6
.0

, N
R

)1
2.

8 
(7

.0
, 

N
R

)
15

.4
 (7

.6
, N

R
)



563Breast Cancer Research and Treatment (2020) 184:559–565 

1 3

Discussion

Overall, patients with MBC and visceral metastases who 
received eribulin had a numerically higher percentage of 
patients alive at all landmark timepoints compared to gem-
citabine, and a higher percentage of patients alive until the 
36-month landmark compared to capecitabine. Median 
survival times showed that in the overall patient cohort 
and within the TNBC and HR+/HER2− subtype, patients 
receiving eribulin had a numerically higher median overall 
survival.

Within the TNBC subtype, patients receiving eribulin 
had a longer estimated median OS compared to gemcitabine 
or capecitabine. For the HR+/HER2− subgroup, eribulin 
had a higher percentage of patients alive for the first 6 and 
12 months compared to gemcitabine or capecitabine. Similar 
to the TNBC treatment arm, the estimated median OS was 
also longer for HR+/HER2− patients treated with eribulin. 
The HER2+ subgroup showed varied results for landmark 
survival across treatments, and median OS was longest in the 
capecitabine treatment arm. In addition to the small sample 

size, it should be noted that capecitabine is also approved for 
combination therapy in the US for HER2+ patients [11] and 
some of the patients in capecitabine HER2+ group could 
have received additional therapy which may have influenced 
OS. Across treatments, TNBC patients had a shorter median 
survival than patients who were HER2+ or HR+/HER2−, 
which is consistent with the prognosis in the literature over-
all, and in numerous clinical trials.

In this study, we have noticed a modest variation in the 
proportion of the HR+/HER2− subtype within each of 
these treatment cohorts, and determined the OS results 
by subtype within each treatment arm. We thus feel it is 
unlikely that the modest difference in HR+/HER2− inci-
dence in each of these cohorts would account for these 
differences in OS. In addition, cyclin-dependent kinase 
(CDK) 4/6 inhibitors have been approved as initial therapy 
for patients with HR+/HER2− MBC in the US since 2015. 
In this study the proportion of HR+/HER2− patients with 
exposure to a CDK 4/6 inhibitor before receiving  3rd line 
chemotherapy was 21.8% in the eribulin group, 14.3% in 
the gemcitabine group, and 39% in the capecitabine group, 
respectively. However, there is no evidence to date that 

Fig. 1  Overall survival Kaplan–Meier graph (eribulin vs gemcitabine 
and eribulin vs capecitabine) in metastatic triple-negative breast can-
cer (TNBC) patients

Fig. 2  Overall survival Kaplan–Meier graph (eribulin vs gemcitabine 
and eribulin vs capecitabine) in metastatic HR+/HER2− patients
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prior therapy with a CDK 4/6 inhibitor has an effect on 
subsequent OS, as determined from the initiation of latter 
line chemotherapy. OS in this analysis is calculated from 
the date of initiation of each of these three chemotherapy 
agents and not from the diagnosis of MBC, thus, we do 
not believe the difference in CDK 4/6 inhibitor use would 
influence our survival analyses.

In a pooled analysis of data from two phase 3 clinical 
trials with eribulin (Studies 301 and 305), OS was signifi-
cantly longer for patients who received eribulin vs the con-
trol arm (TPC or capecitabine) (HR (95% CI) 0.85 (076, 
0.94); P < 0.01). The median OS was 15 months for the 
eribulin cohort vs 12.6 months for the control arm. The 
pooled analysis also showed a significant difference in PFS 
favoring eribulin. It should be noted that the comparators 
in these trials were TPC or capecitabine, and were not 
limited to gemcitabine or capecitabine, as is the case with 
our analysis [13].

Eribulin has been evaluated in a real-world U.S. com-
munity oncology setting in patients with metastatic triple-
negative breast cancer (mTNBC). The authors found that 
in a real-world setting, patients with metastatic TNBC 
treated with eribulin had more sites of metastatic disease 
and exposure to greater numbers of prior therapies than 
patients who were included in randomized clinical trials 
[15]. Our analysis included patients who were triple nega-
tive, but our analysis did not limit patients by tumor hor-
mone status and in addition focused on patients with liver 
or lung metastases.

Eribulin has also been evaluated in real-world setting 
outside of the U.S. Patients treated with eribulin at 10 
Italian hospitals from January 2012 to July 2013 were 
evaluated for response and survival. Similar to our analy-
sis, this study contained patients with various tumor hor-
mone status types, but it should be noted that the authors 
found that about 20% of patients evaluated did not match 
the EMA indication for eribulin. In Europe, eribulin is 
indicated for the treatment of adult patients with locally 
advanced or metastatic breast cancer who have progressed 
after at least one chemotherapeutic regimen for advanced 
disease. Prior therapy should have included an anthracy-
cline and a taxane in either the adjuvant or metastatic set-
ting unless patients were not suitable for these treatments 
[16]. Furthermore, the study did not focus on patients with 
visceral metastases. The median OS noted in the study was 
11.6 months (range 0.6–33.3 months; 95% CI 8.7–14.5), 
which was similar to the findings of our analysis [17]. 
Importantly, consideration should be given to variability 
in treatment patterns based on the country the study was 
conducted in, as the label indication for treatment with 
eribulin varies across countries (e.g. patients in the U.S. 
who receive eribulin are typically heavily pretreated in line 
with U.S. label indication).

Limitations

As results presented in this study are from patients from 
CTCA, the findings may not be generalizable to all patients 
with MBC and visceral metastases. Sample sizes, particu-
larly for the capecitabine group and HER2+ subgroups 
were small, which may have impacted the results. As is the 
case with all observational, non-randomized, retrospective 
studies, unmeasured confounding may be present. Infor-
mation on subsequent or combination therapies was not 
captured or controlled for in our study, which could vary 
by the treatment and could potentially impact outcomes, 
particularly overall survival. Tolerability and adverse 
effects were not captured.

Conclusion

Our retrospective real-world analysis of patients with 
MBC and visceral metastases demonstrated that landmark 
overall survival was numerically higher with eribulin at 
12 and 24 months compared to gemcitabine and capecit-
abine. Across all patients and in the TNBC and HR+/
HER2− subtypes, median OS was highest in patients who 
received eribulin. However, survival times varied when 
further analyzed by hormone receptor status. In the HR+/
HER2− subtype, a trend favoring eribulin versus gem-
citabine was observed, and a trend favoring eribulin was 
noted in the TNBC subtype, though differences were not 
statistically significant. The study demonstrates consist-
ency of eribulin effectiveness in MBC patients with vis-
ceral metastases across the TNBC and HR+/HER2− sub-
types. Additional research is needed to better understand 
the impact of chemotherapy selection in patients with 
MBC with lung or liver visceral metastases, particularly 
in relation to hormone receptor status.
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