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Background: Eribulin shows some activity in controlling brain metastasis in breast cancer. Methods: This
observational, multicenter study evaluated brain disease control rates, survival and safety in patients with
brain metastatic breast cancer treated with eribulin in clinical practice. Results: A total of 34 patients
were enrolled (mean age 49 years, 91% with visceral metastases) and 29 were evaluable for brain disease.
Fourteen achieved disease control and showed a longer time without progression: 10 months (95% CI: 2.3–
17.7) versus 4 months (95% CI: 3.3–4.7) in the control group (p = 0.029). Patients with clinical benefits at 6
months had longer survival. Leukopenia and neutropenia were the most frequent grade 3–4 toxicities.
Conclusion: Eribulin confirms its effectiveness in patients with brain metastatic breast cancer. Further
studies on larger cohorts are needed to confirm the results.
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The increasing incidence of brain metastasis (BM) in patients with breast cancer (BC) [1] needs new therapeutic
options. Eribulin mesylate is an inhibitor of mitosis [2,3] with in vitro proven antireplication activity against
paclitaxel-resistant human ovarian cancer [4] as well as breast, colon and prostate cancers and melanoma [5]. It
also shows antivascular activity that may contribute to vascular remodeling and facilitate the passage across the
blood–brain barrier, especially after brain radiotherapy [6].

The efficacy and safety of treatments for metastatic BC have been explored in Phase I [7–10] and Phase II trials
on multiple agents [11,12] and in anthracycline-resistant patients [13], with overall response rates ranging from 9.3 to
21.3% and median overall survival (OS) between 9 and 11.1 months. Neutropenia, leukopenia, fatigue, peripheral
neuropathy and febrile neutropenia were the most common adverse events (AEs).

Phase III randomized controlled trials confirmed the efficacy and safety profile of eribulin on patients with
locally advanced or recurrent BC. In the EMBRACE study, eribulin monotherapy significantly improved OS in
patients with metastatic BC without BM, previously treated with at least two chemotherapy regimens, compared
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with the treatment of physician’s choice. In this study, peripheral neuropathy was the most frequent reason for
discontinuation; 99% of patients experienced AEs, fatigue and neutropenia being the most common. One-fourth
of the patients experienced a serious AE; five of the AEs were fatal [14]. In another Phase III trial, patients previously
treated with taxanes or anthracyclines achieved a similar median OS (15.9 months) with eribulin or capecitabine;
in this trial, the main AEs were diarrhea, nausea, vomiting, tiredness, asthenia, decreased appetite and peripheral
sensory neuropathy [15].

In clinical practice, the results of eribulin treatment mirrored those of the randomized trials. A decade of clinical
experience in the USA supports the clinical effectiveness of eribulin in patients with metastatic BC, including in
patients with triple-negative BC [16]. The analysis of data from a large real-world database showed that eribulin in
the third and fourth lines of treatment improved both progression-free survival (PFS) and OS compared with ‘other
chemotherapies’, while in the second line the difference was not significant; these results were consistent in the
subpopulation with CNS metastasis [17].

The results of a real-life multicenter study on 78 patients with metastatic BC, previously treated with at least
two chemotherapy lines, highlighted that a 6-month treatment with eribulin was beneficial in 41% of the 18
patients with CNS metastases, independent of their biological subtype and the number of metastases. Alopecia,
neutropenia and leukopenia were the most common AEs [18]. Another study including 95 patients (20 with BM)
described the effectiveness of eribulin on the CNS, with four BM patients (20%) showing a partial response and
five achieving stable disease; the disease control seemed to be independent from previous CNS local treatment [19].
Other anecdotal cases describe a certain activity of eribulin on BM [20–22].

To date, no studies have been designed to specifically evaluate the activity of eribulin in BM from BC. There-
fore this study aims to evaluate the activity of eribulin in brain metastatic BC (BMBC) patients in daily clinical
practice and in accordance with the regulatory authorities’ indication of the drug [22,23].

Patients & methods
The EBRAIM study was a prospective, multicenter, observational trial conducted in six Italian oncological centers.
Patients older than 18 years with a histological diagnosis of invasive BC with BM, diagnosed using a 1.5- or
3-Tesla MRI and previously treated with at least one line of chemotherapy for advanced disease, were included
in the study after providing their consent to participate. Inclusion criteria were Eastern Cooperative Oncology
Group (ECOG) performance status ≤2 [24]; neutrophils >1500/ml, platelets >100,000/ml, bilirubin <2 mg/dl,
transaminase value less than two-times the upper normal limit, creatinine <1.5 mg/dl and a life expectancy of at
least 3 months; only patients without other uncontrolled diseases or psychiatric disorders that could interfere with
data collection were considered for inclusion. Pregnancy and breastfeeding status were checked before starting the
study. Patients taking corticosteroids to control brain disease and patients with leptomeningeal metastases were
admitted as long as they had controlled neurological symptoms. The treatment with eribulin was decided as clinically
appropriate by the referring physician before and independently from the inclusion in this trial, where concomitant
anticancer therapies were not permitted. Patients with previous surgery or radiotherapy – whole brain radiotherapy
(WBRT), stereotactic radiosurgery (SRS) or Cyberknife for BM at least 6 months before starting the treatment
with eribulin – and with documented progression in CNS metastases were allowed. Radiotherapeutic treatment
for extracranial metastases, or systemic chemotherapy, biological or hormonal treatment had to be discontinued 28
days before the first eribulin administration. The study was conducted according to the Declaration of Helsinki and
the International Committee on Harmonization guidelines for Good Clinical Practice. The study was approved by
the local Ethical Committee.

Treatment schedule
Treatment with eribulin mesylate (1.23 mg/m2 administered intravenously for 2–5 min on days 1 and 8 of every
21-day cycle) continued until disease progression, unacceptable toxicity, or a patient or physician request to
discontinue. Grade 3 or 4 toxic effects were managed by dose modifications. Concomitant treatments that did not
interfere with eribulin, including the use of bisphosphonates, were admitted.

Data retrieval
Demographics, medical history, BC history and tumor biology were collected for each patient at study entry;
data regarding tumor grade and staging (tumor size and nodal involvement) were collected according to the
tumor node metastasis classification system of the Union Internationale Contre le Cancer, and tumors were
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histologically classified according to WHO criteria [25]. The expression of conventional biological factors such as
estrogen and progesterone receptors, HER2 status and Ki-67 proliferation index were obtained from pathology
reports. HER2 status was determined by using the HercepTest™ preparation kit (Agilent, CA, USA) and classified
as follows: scores of 0 or 1+ were considered as negative, 2+ as equivocal and 3+ as positive. BC samples with
a score of 2+ were tested by FISH to evaluate HER2 amplification. In tumor cells, the ratio between the HER2
gene signal and the chromosome 17 centromere enumeration probe should be at least 2:1 to describe gene
amplification. Patients underwent brain MRI (1.5–3.0 Tesla) for CNS evaluation and thoracic–abdominal CT
scan for extracranial assessment at baseline (within 15 days from entering the study) and every 12 weeks. Response
to eribulin was evaluated according to the Response Assessment in Neuro-oncology (RANO) criteria [26] in brain
metastasis and according to the modified Response Evaluation Criteria In Solid Tumors [27] for the extracranial
disease. Toxicity was assessed every 2 weeks as per the National Cancer Institute Common Terminology Criteria for
Adverse Events (version 4.02) [28]. Furthermore, any AE that occurred during the observation period was collected
according to the Italian laws [29,30].

Statistical analysis
The primary objective of this observational, prospective study was the brain disease control rate (DCR): the sum of
complete and partial responses and stability of disease. The secondary end points included brain PFS (time from the
start of therapy to brain progression), brain clinical benefit (sum of responses and stability of disease over periods
of 3 and 6 months), extracranial response rate, extracranial PFS (time from the start of therapy to progression of
extracranial disease), OS (time from the start to the date of death for any cause) and the safety of treatment. The
study aimed to enroll 50 patients. This sample size was based on our previous (unpublished) personal experience
in a similar set of patients in which we observed a DCR equal to 55%. Assuming a DCR equal to 40%, the sample
size should have allowed estimating such incidence rate with a standard error of 7%.

Descriptive statistics were used to summarize the characteristics of the study participants. The continuous variables
were reported as median and range, while categorical variables were summarized as frequencies and percentages.
Differences between variables were evaluated using Pearson’s Chi-square, Fisher exact or Mann–Whitney test, as
appropriate. PFS and OS were calculated by the Kaplan–Meier product limit method. PFS was the time elapsing
from the start of eribulin therapy to the date of objective evidence of disease progression or death of patients with
documented disease progression. OS was estimated from the first day of treatment with eribulin to the date of death
for any cause. Progression and survival were censored at the time of the last visit in alive patients not progressing
during the observation period. The log-rank test was used to assess differences between subgroups. The hazard
ratios and their relative 95% CIs were estimated for each variable using the Cox univariate model and adopting
the most suitable prognostic modality as a referent group. A multivariate Cox proportional hazard model was then
conducted considering the variables significant at univariate analysis using stepwise regression (forward selection).

Patients enrolled in the study: 34

Estimated sample size: 50 patients

Concomitant arrival of new cycline-based
treatments for luminal subtypes and the
advent of new therapeutic indications for triple
negative subtypes slowed significantly the
enrollment

5 were not included in the analysis:
2 refused to perform MRI

2 early extracranial progression
1 worsening her general conditions

Patients evaluable for brain response: 29
Figure 1. Enrollment and study design.
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Enter limit and remove limit were set at p = 0.05 and p = 0.10, respectively. Significance was defined at the p <

0.05 level. All analyses were performed with SPSS v 21.0 (IBM Corp., NY, USA).

Results
Demographic & clinical characteristics
From December 2017 and January 2019, 34 patients were included in the study and were observed until August
2020; of these, 29 were evaluable for brain response (Figure 1). The median age was 49 years (range: 35–78); 20
patients (58.8%) had luminal B HER2− tumors, while 10 (29.4%) were triple negative. Twenty-seven (79.4%)
patients had an ECOG performance status of 0 and six (17.6%) had a score of 1. Thirty-one patients (91.2%) had
surgery for the primary breast tumor; 23 (67.7%) received adjuvant treatment, while only six (17.6%) received
neoadjuvant treatment. Fifteen patients (44.1%) had three or fewer brain metastases and 16 (47%) had four or
more at the start of the study. Two patients (5.8%) suffered from neoplastic leptomeningeal disease but showed
an ECOG performance status of 0–1. Twenty-three (67.6%) patients received brain radiotherapy before eribulin
treatment: WBRT (n = 12), median total dose 20 Gy; SRS (n = 7), Cyberknife (n = 3) and WBRT+SRS
(n = 1) (Table 1). Three (13%) patients treated with WBRT achieved a partial response with a median duration of
5.7 months (range: 5.2–8.4), while four (57.1%) patients treated with SRS/Cyberknife obtained partial response
lasting for a median of 6.8 months (range: 4.6–9.1).

There were no substantial differences in terms of brain involvement and biological subtype; two patients with
meningeal diffusion had both a triple-negative and luminal B type BC.

Patients began the treatment with eribulin at a median of 68 months (range: 17–351) after their initial diagnosis.
The number of metastatic sites ranged from one to five, and 91% of patients had visceral metastasis in addition to
the brain lesions. Most patients (22/34; 65%) received eribulin as second- or third-line treatment (Table 1).

Outcomes
Twenty-nine patients were evaluable for brain activity, while five were not evaluable for activity (two refused MRI,
two had early extracranial progressions and one experienced worsening of general conditions after the first cycle).

A total of 14 out of 29 (48.2%) patients achieved disease control, with two (6.9%) complete responses
and two (6.9%) partial responses, giving an overall response rate of 13.8%; ten patients (34.5%) had stable
disease according to RANO criteria (Figure 2A–C & Table 2). Clinical progression was observed in 15 pa-
tients (51.7%; Table 2). Among the 14 nonprogressing patients, ten (71.4%) had luminal B tumors. Luminal
B tumors, in comparison with those belonging to the other molecular subtypes, showed a trend toward higher
DCR – ten (62.5%) responders versus six (37.5%) non-responders – without reaching statistical significance.

Fourteen patients (41.1%) achieved a clinical benefit at 3 months, and seven (24.6%) at 6 months (Table 2).
Among two patients with neoplastic leptomeningeal disease, one achieved a partial response with a long duration

(9.2 months) (Figure 2C).
A total of 17 out of 34 (50%) women reached disease control: three complete responses (8.8%), six partial

responses (17.6%) and eight patients with stable disease (23.5%) (Table 2).

Efficacy
Brain progression-free survival
During the study, 24 new brain progressions occurred. The median time to a new brain progression after starting
eribulin was 5 months (95% CI: 3.7–6.3) (Figure 3A). Kaplan–Meier estimates showed that patients achieving
brain disease control had a longer time without a new progression than others: 10 months (95% CI: 2.3–17.7)
versus 4 months (95% CI 3.3–4.7; p = 0.029) (Figure 3B). Furthermore, patients showing a clinical benefit at both
3 and 6 months had a longer time without a new brain progression: 11 months (95% CI: 5.5–16.5) versus 4 months
(95% CI: 3.3–4.7; p = 0.003) and 11 months (95% CI: 8.6–13.4) versus 4 months (95% CI: 3.1–4.9; p < 0.001),
respectively (Figure 3C & D). Cox regression results showed that the clinical benefit at 3 months played a role in
predicting brain progression (hazard ratio: 0.24; 95% CI: 0.08–0.70; p = 0.009; Table 3).

Concerning extracranial progression, we observed 30 events during the study. From the start of Eribulin, the
median time to disease progression was 4 months (95% CI: 3.3–4.7). Kaplan–Meier estimates showed that patients
with extracranial progression achieving disease control had a longer time without a new progression than others: 5
months (95% CI: 1.4–8.6) versus 3 months (95% CI: 2.2–3.8; p = 0.001). Patients showing a clinical benefit at 3
and 6 months had a longer time without a new progression: 7 months (95% CI: 0–14.8) versus 3 months (95%
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Table 1. Baseline demographic and clinical characteristics of the 34 patients enrolled in the EBRAIM
study.
Characteristics n (range or %)

Age at diagnosis (median, years) 49 (35–78)

Stage at diagnosis of tumor

I 2 (6%)

II 12 (35%)

III 12 (35%)

IV 8 (24%)

HER2 status

Negative 32 (94%)

Positive 2 (6%)

ER status

Negative 12 (35%)

Positive 22 (65%)

PgR status

Negative 14 (41%)

Positive 20 (59%)

Molecular subtype

Lum A 2 (6%)

Lum B HER2- 20 (59%)

HER2-like 2 (6%)

Triple-negative 10 (29%)

ECOG performance status

0 27 (79%)

1 6 (18%)

2 1 (3%)

Surgery on primary breast cancer

Yes 31 (91%)

No 3 (9%)

Neoadjuvant chemotherapy

Yes 6 (18%)

No 28 (82%)

Adjuvant chemotherapy

Yes 23 (68%)

No 11 (32%)

Brain metastases (n)

�3 15 (44%)

4–10 16 (47%)

�10 1 (3%)

Leptomeningosis 2 (6%)

Brain radiotherapy before eribulin

Yes 23 (68%)

No 11 (32%)

Median time between diagnosis and start of eribulin treatment (months; n = 23) 6.5 (6–25)

Type of radiotherapy (n = 23)

Cyberknife 3 (13%)

SRS 7 (30%)

WBRT 12 (52%)

WBRT+SRS 1 (5%)

Median time between diagnosis and start of eribulin treatment (months) 68 (17–351)

ECOG: Eastern Cooperative Oncology Group; ER: Estrogen receptor; Lum A: Luminal A; Lum B: Luminal B; SRS: Stereotactic radiosurgery; WBRT: Whole
brain radiation therapy.
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Table 1. Baseline demographic and clinical characteristics of the 34 patients enrolled in the EBRAIM
study (cont.).
Characteristics n (range or %)

Median time between brain metastases and start of eribulin treatment (months) 4 (0–56)

Metastatic sites (including CNS) (median) 3 (1–5)

Metastatic sites (n)

1–3 21 (62%)

�4 13 (38%)

Visceral metastasis (other than the brain)

Yes 31 (91%)

No 3 (9%)

Eribulin line of treatment

1 1 (3%)

2 11 (32%)

3 11 (32%)

4 11 (32%)

ECOG: Eastern Cooperative Oncology Group; ER: Estrogen receptor; Lum A: Luminal A; Lum B: Luminal B; SRS: Stereotactic radiosurgery; WBRT: Whole
brain radiation therapy.

Table 2. Overall activity of eribulin and in the central nervous system.
Extracranial response n (%)

Total evaluable patients 34

CR 3 (9)

PR 6 (17)

Overall response rate 9 (26)

SD 8 (23)

PD 17 (50)

Overall extracranial DCR

CR + PR + SD 17 (50)

PD 17 (50)

Brain response†

Total evaluable patients† 29

CR 2 (7)

PR 2 (7)

Overall response rate 4 (14)

SD 10 (34)

PD 15 (52)

Brain DCR†

CR + PR + SD 14 (48)

PD 15 (52)

Clinical benefit at 3 months

Yes 14 (41)

No 20 (59)

Clinical benefit at 6 months

Yes 7 (21)

No 27 (79)

†not evaluable: five patients.
CR: Complete response; DCR: Disease control rate; PD: Progressive disease; PR: Partial response; SD: Stable disease.
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Baseline

After 8 cycles

Baseline

After 6 cycles

Baseline

Baseline

After 6 cycles

After 6 cycles

a b

Figure 2. MRI evalutions of brain lesions. (A) Patient 1: MRI SE T1 sequences after contrast medium. MRI before
treatment (baseline) shows the presence of multiple brain lesions in the right frontal and parietal lobes and the left
temporal lobe, with significant edema for the bigger lesion. After six cycles a clear reduction in their size is shown
after eribulin treatment. (B) Patient 2: MRI SE T1 sequences after contrast medium. MRI before treatment (baseline)
shows the presence of a lesion in the right post-central lobe; there is an extra-axial lesion, with dural attachment in
the frontal and temporal lobes. A marked reduction of the lesion in the postcentral lobe and the left frontal and
temporal extra-axial lesion is visible after six cycles of eribulin. (C) Patient 3: MRI SE T1 sequences after contrast
medium. MRI before treatment (baseline) shows an enlargement of the V, VII and VIII cranial nerves bilaterally as
leptomeningeal lesions. The stable dimensions of the cranial nerves, showing enhancement of the lesions, are visible
after eight cycles of eribulin.
SE: Spin echo.

Table 3. Progression-free survival (brain), progression-free survival and overall survival: Cox regression results.
Parameter Comparison PFS brain PFS OS

DCR brain No vs yes 3.45 (1.25–9.55), 0.017 2.76 (1.17–6.48), 0.020 1.76 (0.73–4.34), 0.202

DCR overall No vs yes 2.62 (1.00–6.84), 0.049 3.47 (1.43–8.40), 0.006 1.65 (0.72–3.80), 0.236

Stage at diagnosis III + IV vs I + II 1.19 (0.49–2.88), 0.703 0.71 (0.33–1.51), 0.367 0.94 (0.40–2.32), 0.940

Subtype HS + TN vs LUM 1.42 (0.61–3.35), 0.419 1.14 (0.53–2.45), 0.735 1.23 (0.54–2.81), 0.629

RT No vs yes 1.51 (0.64–3.58), 0.350 1.49 (0.69–3.22), 0.316 2.38 (0.94–6.03), 0.067

Number of lines at eribulin
administration

2+ vs 1–2 2.11 (0.86–5.14), 0.101 2.08 (0.94–4.62), 0.072 1.61 (0.67–3.90), 0.287

Number of sites extra brain 3+ vs �3 1.49 (0.64–3.49), 0.357 1.54 (0.72–3.30), 0.267 1.07 (0.48–2.39), 0.879

Clinical benefit at 3 months No vs yes 0.24 (0.08–0.70), 0.009 0.20 (0.07–0.53), 0.001 0.46 (0.19–1.09), 0.078

Univariate analysis; results displayed as hazard ratio (95% CI), p-value.
DCR: Disease control rate; HS + TN: Hormone sensitive + triple negative; LUM: luminal; OS: Overall survival; PFS: Progression-free survival; RT: Radiotherapy.
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Figure 3. Progression-free survival of patients with brain metastases. Kaplan–Meier curves (A) on the overall
population, (B) by DCR, (C) by clinical benefit at 3 months and (D) by clinical benefit at 6 months.
CR: Complete response; DCR: Disease control rate; PD: Progressive disease; PFS: Progression-free survival; PR: Partial
response; SD: Stable disease.

CI: 2.2–3.8; p < 0.001) and 13 months (95% CI: 11.2–14.8) versus 3 months (95% CI: 2.4–3.6; p < 0.001),
respectively.

PFS was significantly longer in patients who received eribulin after two lines of treatment than in those who were
treated at or after three lines: 4 months (95% CI: 2.4–5.6) versus 3 months (95% CI: 2.4–3.6; p = 0.037). The Cox
regression results showed that the clinical benefit at 3 months could predict extracranial progression (hazard ratio:
0.20; 95% CI: 0.07–0.53; p = 0.001) (Table 3).

Overall survival
We observed 26 events during the study period. The deaths occurred for the following reasons: 20 patients
(76.9%) for CNS spreading, five (19.2%) for worsening of extracranial disease and one (3.8%) for pneumonia
during the further chemotherapy line.
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Table 4. Hematological and nonhematological toxicity.
Event n (%)

Neutropenia 17 (50)

Leukopenia 24 (77.4)

Neutropenic fever 4 (11.8)

Anemia 2 (5.9)

Diarrhea 2 (5.9)

Increase of ALT/AST 3 (8.8)

Peripheral neuropathy 4 (11.8)

Asthenia 7 (20.5)

Anorexia 1 (2.9)

Alopecia 30 (88.2)

Grade 3–4 events in the 34 patients. Seventeen patients presented with complete alopecia
before eribulin therapy.

From the start of eribulin treatment, the overall median time to death was 7 months (95% CI: 5.3–8.7).
Kaplan–Meier estimates showed that patients receiving brain radiotherapy before eribulin died earlier than others:
6 months (95% CI: 3.9–8.1) versus 8 months (95% CI: 0.1–15.9; p = 0.045). Furthermore, patients who had any
clinical benefit at 6 months had longer survival than those who did not show any clinical benefit: 16 months (95%
CI: 13.9–18.1) versus 6 months (95% CI: 4.2–7.7; p < 0.001). The Cox regression results in Table 3 show that
patients who had a DCR, both to brain and overall, and who had a clinical benefit at 3 months tended to have a
longer survival.

Toxicity
All 34 patients experienced at least one event of grade 3–4 hematological toxicities: leukopenia, observed in 11
patients (33%) and neutropenia (10 patients; 29%) were the events most frequently reported. All other events,
except alopecia, were observed in <10% of the patients (Table 4).

Discussion
In our cohort, the effect of eribulin in BMBC patients seems to confirm the evidence from previous stud-
ies [11,12,15,18]. Half of the observed women achieved disease control; consistently, DCR was 48% for BM. After
3 months, 41% of patients showed clinical benefit, half of them maintaining this achievement after 6 months.
Patients reaching disease control had progression after a median of 10 months, significantly longer than observed
in other patients. Furthermore, the median 11 months’ PFS in patients achieving clinical benefit at 3 and 6
months was significantly longer than in other patients; the survival analysis highlighted that median OS was
significantly longer in women who did not have any previous radiotherapy for BMs (8 months) than in others
(6 months; p = 0.045). These goals were obtained with severe hematological AEs occurring in about one-third of
patients; febrile neutropenia occurred in only four (5%), and no treatment-related fatal events were observed.

Due to the concomitant arrival of new cyclin-based treatments for luminal subtypes and the advent of new
therapeutic indications for triple-negative subtypes, the enrollment slowed significantly, and we could enroll only
34 patients in six Italian specialized facilities, each following its usual clinical practice. The small sample size did
not allow any multifactorial analysis or the identification of possible confounders or analysis by BC subgroups.
The two patients whose BMs fully responded to the treatment both had luminal B type tumors. The analysis
trying to identify a relationship between BM clinical response and possible predictors did not identify any clinical,
cytological or demographic predictors of response.

The ORR observed in this sample of women (26%) was slightly higher than the one observed in previous studies
using eribulin in similar patients [11,12], while the 6-month treatment benefit was achieved by a slightly lower ratio
of women (7/34; 21%) than in a similar study (8/18; 41%) [15]. Thus the presence of BM seems not to influence
the response to eribulin treatment in late-stage BC, while previous radiotherapy treatment of BM seems to reduce
OS.

No differences were identified between the two more representative biological subgroups (luminal B and triple-
negative tumors) in terms of brain DCR. These results confirmed that the localization of BMs does not influence
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the response to eribulin treatment independently from the biological status of the tumor. For this reason, the bi-
ological characteristics and HER2/hormone receptor expression status of BMs should be studied to evaluate the
heterogeneity between primary and secondary tumors and its possible correlation with the outcome of brain disease.

Patients who had received a previous radiotherapy treatment had a significantly shorter OS than others, suggesting
that a greater activity of eribulin on lesions treated at an earlier stage is associated with better clinical features of
the single patient. However, the difference in the OS may be related to the time needed for radiotherapy and to
the best response achieved. Furthermore, eribulin has a peculiar mechanism of action when compared with other
chemotherapeutics used in BC because of its high ‘penetrability’ in the brain, as demonstrated by its effectiveness
in glioblastoma [31]. Few other drugs show an effect on brain lesions [31], and the evidence from eribulin studies
suggests its use as first-line therapy on asymptomatic BM patients or after radiotherapy in symptomatic ones.
Furthermore, given the certain role of the drug in the CNS, a subsequent step could be to test the drug in a larger
population of patients with BM at the first recurrence of CNS disease.

The occurrence of severe hematological AEs and neutropenia was consistent with the results of similar [11,12,18]

or controlled [13,14] studies using the same eribulin regimen, suggesting that the drug is tolerable also by patients
who are heavily pretreated and who have widespread disease.

This is the first study having the main focus on the activity of eribulin in BM; this is particularly important
because most of the clinical trials excluded patients with BC and BM due to their difficult management and the
expected fatalities. Studies on BMBC are challenging because it is complex to homogeneously assess the disease
state in patients who have poor general condition (ECOG performance status >2) and may require radiotherapy
prior to the treatment; in this regard, the use of the RANO criteria may be advantageous. Furthermore, the DCR
is a central parameter to evaluate the clinical outcomes of treatment in patients with BM because specific targets
on brain disease are frequently lacking.

Considering the small sample and the different approaches from different oncological centers to the treatment
of patients with metastatic BC progressing after previous cycles of chemotherapy, these results seem to confirm the
available evidence, but must be cautiously taken into daily clinical practice. Further evidence should be collected
from larger series, especially in patients at the first recurrence of brain disease.

Conclusion & future perspective
The results of this trial confirm the effectiveness of eribulin in women with metastatic BC previously treated with
at least two chemotherapy regimens, regardless of biological subtypes and including patients with triple-negative
BC. The ongoing analyses on data from pivotal trials will help to understand the incidence of new BMs in patients
treated with eribulin and evaluate its potential protective effect, especially when compared with capecitabine and
other chemotherapies usually used in these patients. These outcomes will permit the design of an ad hoc controlled
study to identify the most effective use of eribulin in BCBM.

Summary points

• The increasing incidence of brain metastases in patients with breast cancer needs new therapeutic options.
• This study has been specifically designed to evaluate the activity of eribulin in these patients in daily clinical

practice.
• Half of the observed women achieved brain disease control; consistently, the brain disease control rate was 48%

for brain metastasis. After 3 months, 41% of patients showed clinical benefit, half of them maintaining this
achievement at 6 months.

• Median progression-free survival in patients achieving clinical benefit at 6 months, was significantly longer than
in patients who did not have any clinical benefit.

• Median overall survival was significantly longer in women who did not have any previous radiotherapy for brain
metastases than in others.

• Eribulin confirmed its tolerability profile in patients who were heavily pretreated and had widespread disease,
with hematological toxicities being the most frequent adverse events.

Author contributions

Conceptualization: A Fabi and I Terrenato; methodology: I Terrenato; formal analysis: I Terrenato; investigation: A Vidiri, V Villani,

A Tanzilli, F Pedani, V Magri, M Palleschi, M Donadio, G Catania, C Nisticò, A Pace, M Maschio, M Airoldi, C Carapella, R Rudà, S
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