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ABSTRACT: Brain metastases are common in patients with advanced breast cancer (BC), causing considerable morbidity and mortality. Eribulin is a

microtubule dynamics inhibitor approved for treating certain patients with metastatic BC, previously treated with an anthracycline and a taxane. In the

301 phase 3 study in 1102 women with advanced BC, eribulin and capecitabine treatments did not differ for co-primary endpoints (overall survival [OS]:

15.9 vs 14.5 months, P = 0.056; progression-free survival [PFS]: 4.1 vs 4.2 months, P = 0.30). Here, we report outcomes for six patients (eribulin, n = 3;

capecitabine, n = 3) who had received treatment for brain metastases from BC (BCBM) at baseline. All eribulin-treated patients experienced brain lesion

shrinkage at some point during treatment, compared with one capecitabine-treated patient. Fewer patients in study 301 developed new BCBM with eribulin
(13/544, 2.4%) compared with capecitabine (25/546, 4.6%). Eribulin does not cross the healthy blood—brain barrier (BBB), but could have the potential to
do so after cranial radiation therapy. Capecitabine may cross the BBB and has demonstrated activity in BCBM. Data from these patients and previous cases

suggest that further investigation of eribulin for BCBM may be warranted.
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Introduction

Eribulin (eribulin mesylate: Halaven®, Eisai Co., Ltd.) is
a microtubule dynamics inhibitor>? in clinical use for cer-
tain patients with metastatic breast cancer (BC).3 There is
a range of treatment options recommended for advanced
BC after first or further lines of therapy*; however, the
challenge remains to extend survival and maintain quality
of life once recurrence or progression occurs.* In the phase
3 Eisai Metastatic Breast Cancer Study Assessing Physi-
cian’s Choice Versus Eribulin (EMBRACE) study, eribu-
lin improved survival in women with metastatic or locally
advanced BC previously treated with an anthracycline and
a taxane, compared with those who received treatment of
physician’s choice.” The 301 phase 3 study compared erib-
ulin with capecitabine in women with advanced BC; the
co-primary endpoints were overall survival (OS) and pro-
gression-free survival (PFS) and 1102 patients were ran-
domized (intention-to-treat population [ITT]).® Median
OS was 15.9 months for patients who received eribulin and
14.5 months for those treated with capecitabine (hazard
ratio [HR] = 0.88; 95% confidence interval [CI], 0.77-1.00;
P=0.056). Median PFS was 4.1 and 4.2 months with erib-
ulin and capecitabine, respectively (HR = 1.08; 95% ClI,
0.93-1.25; P=0.30). In a pooled analysis of the two phase 3

studies, eribulin demonstrated a significant survival benefit

in certain patient subgroups, including women with human
epidermal growth factor receptor 2 (HER2)-negative dis-
ease and triple-negative BC.’

Brain metastases develop in approximately 10-16% of
patients with BC371% and are associated with poor survival.!!
Recently, a case report of eribulin treatment for advanced BC
showed improvement in brain metastases.!> A 57-year-old
woman with hormone-receptor-negative and HER2-posi-
tive BC and brain metastases received eribulin and experi-
enced a decrease in the size of brain lesions, which persisted
for four months. In an earlier case, a woman with advanced
triple-negative BC had brain metastases identified during
treatment with eribulin after four previous lines of chemo-
therapy.!® She received whole brain radiation therapy and
three cycles of eribulin; however, lung metastases progressed
and new liver metastases were identified, with death occur-
ring 2.7 months after diagnosis of brain metastases. Previ-
ous studies of eribulin have not reported efficacy or safety
S415 and it is important
to evaluate outcomes with eribulin in this highly relevant

in patients with brain metastases,

patient population.

Capecitabine is a fluoropyrimidine prodrug that is
metabolized to 5-fluorouracil (5-FU) by enzymes in the liver
and in tumors.’ It is used as first-, second-, or third-line
therapy (as monotherapy or in combination regimens) to treat
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metastatic BC.* Capecitabine has demonstrated some activity
against brain metastases arising from BC,"? and lapatinib
plus capecitabine has shown efficacy against brain metastases
in patients with HER2-positive BC.2%!

Here, we report observations from a series of six patients
with advanced BC and brain metastases in the 301 phase 3
study (ClinicalTrials.gov identifier: NCT00337103).6 We also
assessed the proportion of patients who developed central ner-
vous system (CNS) metastases during the study to determine
whether there was any indication as to whether eribulin had a
protective effect.

Methods
The 301 study methodology is detailed elsewhere,® and only
a brief description is provided here. Women were included
if they had a confirmed diagnosis of locally advanced or
metastatic BC and had received no more than three previ-
ous chemotherapy regimens (no more than two previous
chemotherapy regimens for advanced or metastatic disease),
including prior therapy with an anthracycline and a taxane.
Baseline tumor assessment could occur up to 28 days before
the start of study treatment. Patients with brain metastases
were excluded from the study, unless they had completed local
therapy and had discontinued the use of corticosteroids for at
least four weeks before starting study treatment. Any symp-
toms due to brain metastases were to have been stable for at
least four weeks before starting study treatment. In addition,
radiographic stability (absence of progression) was established
by comparing a contrast-enhanced brain scan performed dur-
ing screening with a scan performed at least four weeks earlier.
Patients were randomized (1:1), after stratification for
geographical region and HER2 status, to receive eribulin
mesylate 1.4 mg/m? (equivalent to 1.23 mg/m? eribulin as
free base) intravenously over 2.5 minutes on days 1 and 8 or
capecitabine 1.25 g/m? orally twice daily on days 1-14, both
in 21-day cycles. Patients received study medication until dis-
ease progression, unacceptable toxicity, or patient/investigator
request to discontinue. Tumor response was determined
according to Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.0.22 The ITT population comprised all
randomized patients; the safety population, used for all analy-
ses of adverse events and reported here, comprised all ran-
domized patients who received =1 dose of study medication.
The 301 study was funded by Eisai and was con-
ducted in accordance with the World Medical Association
(WMA) Declaration of Helsinki (WMA General Assem-
bly, Tokyo, 2004), guidelines of the International Confer-
ence for Harmonisation/Good Clinical Practice (CPMP/
ICH/135/95), and local ethical and legal requirements.
Approval for the study was obtained from independent ethics
committees and regulatory authorities in participating coun-
tries. All patients provided written informed consent.
Interpretation of the data for this case series was per-
formed by AYC; additional statistical analyses were performed

and funded by Eisai. Eisai provided funding for writing and
submission of this manuscript by Oxford PharmaGenesis,
under the guidance of AYC. The decision to submit to this
journal was agreed by the authors.

Results

Patients with brain metastases at baseline. Seven
patients in the study (0.6% of the safety population; z = 1090)
had brain metastases at baseline; three were randomized to
the eribulin arm (» = 544) and four to the capecitabine arm
(n = 546). One patient in the capecitabine arm received only
three days of capecitabine treatment and was lost to follow-up,
so is not described in this case series. Baseline characteristics
for the remaining six patients are provided in Table 1. The
responses according to RECIST shown here refer only to
patients’ brain metastases unless otherwise stated.

Patients treated with eribulin.

Case E1. 'This patient had triple-negative BC at diagnosis.
At study baseline, she had brain metastases in the left pari-
etal cortex on computed tomography (CT) scan (Fig. 1A),
for which she had previously received radiation therapy with
a partial response (PR) about one month before initiation of
eribulin. During the study, the patient received six cycles of
eribulin with PR as the best response overall. After cycle 2,
there was complete resolution of the brain lesion (Fig. 1B) and
a 45% reduction from baseline in the sum of the longest diam-
eter of all target lesions. This response in the brain lesion was
maintained at cycle 4, when it remained completely resolved
on imaging (Fig. 1C). Disease progressed after cycle 6, with
relapse of the brain lesion (Fig. 1D), and a 125% increase in all
RECIST-evaluated lesions compared with the previous small-
est value and a 24% increase with baseline. The patient died
five months after her last study dose of eribulin. During treat-
ment, two grade 3 adverse events occurred (leukopenia and
sensory neuropathy); no grade 4 adverse events were recorded.

Case E2. At diagnosis, this patient had estrogen-receptor
(ER)-positive, progesterone-receptor (PrR)-positive, and
HER2-negative BC. At baseline, she had multiple brain
metastases (detected on magnetic resonance imaging [MRI]),
and radiation therapy to the brain had been administered
approximately five months before initiation of eribulin. The
patient received six cycles of eribulin, with stable disease (SD)
as the best response. MRI of the brain after cycles 2 and 4
showed a decrease in the size of brain lesions, but the sum of
the longest diameter of all lesions had decreased by less than
30% compared with the baseline value. Brain and non-CNS
metastases increased in size and number after cycle 6, and the
patient stopped eribulin treatment; she died three months
later. No grade 3 or 4 adverse events occurred during eribulin
treatment.

Case E3. At diagnosis, this patient had ER-positive, PrR-
positive, and HER2-positive BC, and at study baseline, she
had brain lesions in the right parieto-occipital region identi-
fied by CT scan. She had received radiation therapy to the
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Table 1. Baseline characteristics of six patients who had BC and brain metastases at baseline.

AGE, DIAGNOSIS, TNM STAG- SITE OF PREVIOUS AGENTS FOR LOCALLY BEST
YEARS* ING AT DIAGNOSIS AND METASTASES* ADVANCED OR METASTATIC RESPONSE
RECEPTOR STATUS DISEASE
Treated with eribulin
Case E1 42 Ductal adenocarcinoma Brain, lung, 1. Cyclophosphamide, doxorubicin PR
T3b/NX/M1 lymph nodes 2. Paclitaxel plus gemcitabine PD
HER2-, ER-, PrR-
Case E2 61 Ductal adenocarcinoma Bone, brain, 1. Cyclophosphamide, docetaxel, PR
T4/N1/M1 liver, lung, doxorubicin
HER2-, ER+, PrR+ spleen 2. Anastrozole NK
3. Exemestane NK
4. Fulvestrant NK
5. Cisplatin plus docetaxel SD
6. Further cisplatin plus docetaxel SD
Case E3 49 Ductal adenocarcinoma Bone, brain, 1. Letrozole CR
T1/NO/MO liver, lung 2. Fulvestrant PD
HER2+, ER+, PrR+ 3. Docetaxel plus epirubicin PR
Treated with capecitabine
Case C1 39 Ductal adenocarcinoma Bone, brain, 1. Goserelin, epirubicin, paclitaxel, NK
T2/N1/M1 liver and docetaxel
HER2-, ER—, PrR+ 2. Docetaxel plus doxorubicin PD
Case C2 35 Ductal adenocarcinoma Brain, liver, 1. Cyclophosphamide plus doxoru- PD
T4/N3/MO lung, lymph bicin, followed by docetaxel
HER2-, ER-, PrR- nodes 2. Paclitaxel plus gemcitabine PD
Case C3 45 Ductal adenocarcinoma Bone, brain, 1. Paclitaxel, bevacizumab PR
T1/N1/MO lung 2. Trastuzumab, goserelin SD
HER2+, ER+, PrR- 3. Cisplatin plus gemcitabine SD

Note: *At screening for study.

Abbreviations: CR, complete response; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; NK, not known; PD, progressive disease;
PR, partial response; PrR, progesterone receptor; SD, stable disease; TNM, tumor, node, metastasis.

brain about two months before initiation of eribulin and had
received six cycles of eribulin, with SD as the best outcome. No
change in the size of the brain lesions was seen after cycle 2,
but a reduction in size was observed after cycle 4. By the end
of cycle 6, no further change in size was detected. The patient
had clinical progression after cycle 6, with deterioration in her
performance status, and she died three weeks after the last
eribulin dose. During treatment, she experienced five grade 3
adverse events: myoclonic seizures, peripheral motor neuropa-
thy, hyperglycemia, neutropenia, and asthenia.

Patients treated with capecitabine.

Case C1. This patient had ER-negative, PrR-positive, and
HER2-negative BC at diagnosis. She had received radiation
therapy for brain metastases approximately four months before
entering the study. She received two cycles of capecitabine
before being withdrawn from the study due to progressive
disease (PD). A spiral CT scan during cycle 2 showed that
the size of the brain lesions had increased. The patient died
four months after the last study dose. No grade 3 or 4 adverse
events occurred during this short period of treatment.

Case C2. 'The patient had triple-negative BC and brain
metastases in the right cerebellum on CT scan at baseline. She
had received radiation therapy to the brain three months before
she was randomized to study treatment and received 2.5 cycles
of capecitabine before withdrawal due to PD (occurrence of

new bone metastases). However, brain metastases apparent at
baseline were absent on CT scan after cycle 2. This complete
response in the brain was not confirmed because no repeat CT
scan was performed. The patient died six weeks after receiv-
ing her last study dose of capecitabine. Oral mucositis was the
only grade 3 adverse event.

Case C3. 'This patient had ER-positive, PrR-negative,
and HER2-positive BC. She had received radiation therapy
to the brain for metastases seven months before study entry
and had experienced a PR in these brain lesions. At baseline,
MRI showed progressive diffuse brain lesions. The patient
was able to receive 11 cycles of capecitabine, with SD as her
best response before progression of lung metastases, leading
to withdrawal from the study. MRI showed no change in
the size of brain metastases throughout the study. She died
21 months after withdrawal, having received multiple addi-
tional lines of chemotherapy. During capecitabine treatment,
there were four grade 3 adverse events: hypocalcemia, hypo-
kalemia, hand—foot syndrome, and diarrhea.

Development of CNS metastases during the study.
During the study, 291/544 patients (53.5%; safety popula-
tion) treated with eribulin developed new metastases at any
site, compared with 316/546 (57.9%) patients treated with
capecitabine (P = 0.145; y? test). Median OS for patients with

new metastases was 15.8 and 13.1 months for those treated
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Figure 1. Computed tomography brain scans from a patient with triple-negative BC treated with eribulin (Case E1): (A) baseline, (B) after cycle 2 (resolution
of brain lesion), (C) after cycle 4 (brain lesion remains resolved), and (D) after cycle 6 (relapse of brain lesion). Arrows indicate area with brain lesion.

with eribulin and capecitabine, respectively. For the total safety
population, new CNS metastases (brain and/or spinal cord
metastases) occurred in 13 (2.4%) eribulin-treated patients
and 25 (4.6%) capecitabine-treated patients (P = 0.068; Fish-
er’s exact test). Median OS for these patients was similar for
both treatment arms: 7.5 versus 7.1 months with eribulin or
capecitabine, respectively.

Discussion

For patients with BC, the development of brain metastases is
associated with increased morbidity and mortality.”!! In the
301 study, for the three patients with stable brain metastases at
baseline who were treated with eribulin, a reduction in the size
of brain lesions was observed at some point during treatment.
For two of these individuals, the reduction was maintained at
the next assessment two cycles later. In contrast, these findings
were not observed in patients treated with capecitabine. One
individual had an increase in the size of brain metastases at the
first assessment after baseline screening, one patient showed
no change throughout her treatment, and one individual had
brain lesions at baseline that were not detected after her second

treatment cycle. The hormone-receptor status of the BC tumors
in these women was heterogeneous for both treatment arms.

Furthermore, while relatively few patients developed new
CNS metastases during the 301 study, these occurred in more
women treated with capecitabine than with eribulin (4.6 vs
2.4%, respectively). The lower proportion of patients develop-
ing CNS metastases in the eribulin arm compared with the
capecitabine arm may suggest a protective effect of eribulin.
Although limited, these data could offer a signal of potential
beneficial effects of eribulin with respect to bone metastases
arising from BC.

Study 301 compared eribulin and capecitabine treatment
for 1102 women (ITT population) with pretreated advanced
BC. Co-primary endpoints were OS and PF'S, and the outcomes
for this population were not different between study arms.® This
was in contrast to findings from the phase 3 EMBRACE study,
in which eribulin treatment resulted in a significant OS benefit
compared with physicians’ choice of treatment.® However, out-
comes for the EMBRACE study have not yet been analyzed
by site of metastases, and data were not recorded for individual
non-target lesions (which included brain lesions).
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Matsuoka and colleagues recently reported on the effects
of eribulin in a 57-year-old woman with brain metastases aris-
ing from BC.12 This patient received radiation therapy for her
brain metastases and then treatment with lapatinib, an epi-
dermal growth factor receptor (HER1/EGFR/ErbB1) and
HER?2 tyrosine kinase inhibitor, and capecitabine. After three
months, she experienced progression of brain and liver metas-
tases and was treated with eribulin. After one month, brain
lesions decreased significantly in size, and this decrease was
maintained for at least four months. One other similar case
has been reported, with no apparent benefit on brain metasta-
ses from three cycles of eribulin.!®

'The rationale for the potential positive effects of eribulin
on brain metastases requires explanation because preclinical
evidence suggests that the agent does not cross the blood—
brain barrier (BBB) to a significant extent.?>* Currently,
there are no clinical data that evaluate eribulin levels in the
tissue from brain metastases arising from BC. It is known,
however, that radiation therapy to the brain compromises
the BBB,?® reducing expression of the efflux transporter
P-glycoprotein.?” Evidence suggests that this effect may last
for as long as several years after post-radiation therapy.?®
All three eribulin-treated patients in the current study had
received radiation therapy to the brain. Therefore, it is possible
that eribulin could have entered brain tissue in therapeutic
quantities, although in case E1, we cannot rule out the possi-
bility that the therapeutic effect on brain metastases may have
been due to radiation alone.

There is evidence that both 5-FU and capecitabine can
cross the BBB.?! In patients with brain metastases arising
from HER2-negative BC, a range of patient cases and other
small studies have demonstrated a benefit with capecitabine
advanced HER2-
positive BC, lapatinib plus capecitabine has shown some effi-

treatment.'”2%39 For individuals with

cacy against brain metastases,’! and both agents have been
shown to cross the BBB in patients with brain metastases aris-
ing from HER2-positive BC.2!

Our data, taken together with the previously reported
case study, suggest that eribulin may have a potentially benefi-
cial effect on existing brain metastases and a protective effect
against the development of new brain metastases. Further
investigation is warranted.
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