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Abstract: Background: Metastatic breast cancer is a common and devastating diagnosis. New strategies for treatment are
needed to help improve outcomes. Eribulin is an anti-microtubule agent approved in 2010 for advanced breast cancer.
Combination with other chemotherapeutic agents provides an alternative treatment option for these patients. Purpose: This study
evaluates the safety, tolerability and activity of eribulin and weekly carboplatin in a dose-escalation schema in patients with
metastatic breast cancer. Methods: Patients were treated with eribulin and carboplatin AUC 2 administered on the first and eighth
days of a 21-day cycle. Three doses of eribulin (0.9, 1.1 and 1.4 mg/m?) were examined. An additional 10 patients were enrolled
into an expansion cohort at the recommended Phase 2 dose. Results: A total of 19 patients were treated, including 10 patients in
the dose expansion cohort. There was no dose limiting toxicity related to the study therapy in the dose escalation cohorts. Grade 3
toxicities included neutropenia (21%), anemia (10%), fatigue (10%), peripheral sensory neuropathy (10%), infusion related
reactions (5%), pericardial effusion (5%), diarrhea (5%) and pleural effusion (5%). Twenty-six percent of patients had grade 4
neutropenia, but there were no events of sepsis or febrile neutropenia. The maximum tolerated dose (MTD) of eribulin in
combination with carboplatin AUC 2 was determined to be 1.4 mg/m’. Four patients experienced clinical benefit, 2 patients with
stable disease greater than 6 months and 2 patients with partial response, demonstrating a clinical benefit rate of 21%. Conclusion:
Eribulin and weekly carboplatin appeared to be safe and well tolerated with demonstrated clinical benefit. The recommended
Phase 2 dose level was 1.4 mg/m” of eribulin. Further studies can be pursued for this combination regimen to establish its efficacy.
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in 2021, with over 43,000 deaths attributed to it [2]. Survival
for invasive breast cancer has improved dramatically.
Specifically, metastatic breast cancer has a median overall
survival approaching two years, an improvement over the last
25 years likely related to improved hormonal, targeted and
chemotherapeutic agents.[3] Anthracyclines and taxanes, have
been associated with improved overall survival, and these

1. Introduction

Globally, breast cancer is the most commonly diagnosed
malignancy after skin cancers. In the United States, it is the
second most diagnosed cancer in women and the second-
leading cause of cancer related death. [1] The incidence of new
cases of invasive breast cancer is estimated to be over 280,000
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agents are typically administered in the adjuvant setting. [4]
However, in the setting of metastatic breast cancer the vast
majority of patients are diagnosed in the recurrent setting, and
a large number of patients have been exposed to these agents.
[5, 6] It is imperative to develop new strategies to treat patients
with such refractory disease.

In 2010, eribulin was approved to treat metastatic breast
cancer in patients who received at least two prior
chemotherapy regimens. [7] It is an analogue of halichondrin
B, a naturally occurring substance found in marine sponges. [6,
8] It acts on microtubules with a mechanism of action that is
distinct from the taxanes. [9-12] In the pivotal Phase III trial
which led to this approval, the patient population received both
anthracycline and taxane prior to eribulin. [13] Compared to
investigator’s choice of chemotherapy, eribulin was associated
with a nearly 3-month improvement in median overall
survival. Therefore, eribulin is used particularly in the taxane
resistant setting. [13]

A Phase 1 study evaluating eribulin (Day 1 and 8) in
combination with carboplatin (day 1) on a 21-day schedule in
advanced solid tumors was conducted in two stages. This
study found the maximum tolerated dose of eribulin in
combination with carboplatin AUC 5 to be 1.4 mg/m* and
l.lmg/m2 with carboplatin AUC 6 [14]. Across both stages,
40% of patients experienced grade 3 or 4 neutropenia, and
29% experienced Grade 3 or 4 thrombocytopenia. A
retrospective study using eribulin 1.1 mg/m” on day 1 and 8
with carboplatin AUC 5 on day 1 on a 21-day schedule at a
single institution in patients with previously treated
metastatic breast cancer demonstrated similar toxicity with a
20% rate of hospitalization for febrile neutropenia [15]. In
the neoadjuvant setting, eribulin 1.4 mg/m* was used in
combination with carboplatin AUC 6 in patients with Stage I-
IIT breast cancer. [16] Grade 3 to 4 neutropenia still occurred
in nearly 60% of patients, with 19% experiencing grade 3
and 4 thrombocytopenia. Though the combination may be
tolerable, the hematologic toxicity profile is severe.
Carboplatin AUC 2 has been combined with paclitaxel and
gemcitabine in the advanced breast cancer setting with good
tolerability and improved hematologic toxicity [17, 18]. The
goal of this trial was to establish the safety, tolerability, and
preliminary anti-tumor activity of combination Day 1 and 8
eribulin with carboplatin at AUC 2 on a 21-day schedule.

2. Patients and Methods
2.1. Eligibility

This Phase 1 trial enrolled patients with unresectable locally
advanced or metastatic HER2 negative breast cancer. Patients
must have received no more than 3 prior chemotherapeutic
regimens in the setting of metastatic disease, and standard
curative measures must have failed in patients with locally
advanced or unresectable disease. Eligible patients must have
been over 18 years of age at enrollment, had histologically or
cytologically confirmed breast cancer, and had an Eastern
Cooperative Oncology Group (ECOG) score of 0-2. Patients had

normal organ and marrow function defined as: white blood cell
count > 3,000/uL with absolute neutrophil count > 1,500 uL;
platelet count > 100,000 pL; total bilirubin within normal
institutional limits; aspartate aminotransferase and alanine
aminotransferase levels < 2.5 times the institutional upper limit
of normal; creatinine within normal institutional limits or a
creatinine clearance > 60 mL/min/1.73m’ for patients with
creatinine above the institutional normal. Patients of
childbearing potential must have had a negative serum B-hCG
pregnancy test, and patients of childbearing age and their
partners agreed to use adequate contraception during study
participation. Ability to understand and willingness to sign
informed consent was also a requisite.

Patients were excluded from participation if they received
chemotherapy or radiotherapy within 2 weeks before
enrolling in the study. Patients with adverse events or
toxicities from prior agents administered must have
recovered from these effects, and any residual toxicity cannot
be more than grade 1 in severity. Patients participating on or
those who had participated in a study of an investigational
agent or device must have been off trial for at least 30 days
prior to enrollment in this study. Patients with active brain
metastatic disease or carcinomatous meningitis were
excluded, except those with stable disease for at least 2
months prior to entry. Other exclusion criteria included:
history of allergic reactions attributed to compounds of
similar chemical or biological structure as the study agents;
active Hepatitis A or a history of Hepatitis B, C or HIV;
uncontrolled intercurrent illness; peripheral neuropathy of
severity greater than grade 1 as a baseline; concurrent use of
Class Ia and III antiarrhythmics. No patient received prior
eribulin or platinum chemotherapy.

This trial was approved by the University of South Florida
institutional review board (IRB) and conducted in keeping with
all applicable institutional policies and federal regulations.

2.2. Treatment

Three dose levels for eribulin at 0.9, 1.1 and 1.4 mg/m® in
combination with carboplatin AUC 2 were evaluated in this
phase 1 study. Cohorts of 3 patients were enrolled on each
escalating dose of eribulin administered IV immediately prior
to carboplatin. Both medications were given on days 1 and 8
of a 21-day cycle. Dose-limiting toxicities (DLT) were
assessed during cycle 1 of therapy. Once the maximum
tolerated dose was reached, an additional 10 patients were
treated at this dose for dose expansion cohort. There was no
pre-planned number of treatment cycles, and patients were
treated until progression, unacceptable toxicity, or
withdrawal of consent. Patients were taken off the study
treatment if treatments were delayed greater than 3 weeks or
if they required more than 2 dose reductions.

A standard 3+3 trial design was employed. Toxicity
severity was graded according to guidelines outlined in the
NCI-CTCAE Version 4.0. Dose limiting toxicity (DLT) was
defined as adverse events related to study treatment defined
as following: Hematologic dose-limiting toxicity including
grade 4 neutropenia lasting for > 7 days; grade 3 or 4
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neutropenia with fever > 38.5°C and/or infection requiring
antibiotic or anti-fungal treatment; or grade 4
thrombocytopenia. Non-hematologic dose-limiting toxicity
was defined as any grade 3, 4 or 5 with the exception of:
grade 3 nausea, vomiting, diarrhea, dehydration or
hyperglycemia in the setting of inadequate compliance with
supportive measures; grade 3 or higher potassium or
magnesium abnormalities in the setting of inadequate
compliance with supportive measures; alopecia; or
inadequately treated hypersensitivity reactions.

Dose delays and modifications were allowed, with all dose
reductions being permanent for an individual patient.
Supportive care guidelines allowed G-CSF (Neulasta or
Neupogen) to be used for cycle 2 and beyond in the dose
escalation phase at the discretion of the treating physician.
All patients received growth factor support with cycle 1 in
the expansion cohort. Toxicity was monitored with history,
physical exam, CBC and serum chemistries on days 1 and 8
of each 21-day cycle. Adverse event evaluation was
performed throughout the study.

Restaging radiologic scans and tumor measurements were
performed in the first 6 weeks from the start of therapy,
thereafter, every 9 weeks.

2.3. Endpoints/Statistics

This trial’s primary objective was to identify the maximum
tolerated dose (MTD) of eribulin in combination with
carboplatin dosed for an AUC of 2. The MTD was defined as
the dose of eribulin at which the percentage of patients
experiencing a DLT is closest to 30%. Secondary objectives
included safety, tolerability, and activity of the combination of
eribulin and carboplatin. To evaluate activity, response rate
was calculated for subjects in the study overall. Response and
progression were defined using Response and Evaluation
Criteria in Solid Tumors (RECIST) Version 1.1. [19]
Confirmation of partial response (PR) and complete response
(CR) was performed no less than 4 weeks after criteria for
response were first met. To qualify as stable disease (SD),
tumor measures must have met SD criteria at least once at a
minimum of 6 weeks from entry to study.

3. Results

From Feb 2013 to Nov 2014, 19 patients were enrolled at
Moffitt Cancer Center. Patient characteristics are summarized
in Table 1. All patients were female, and the median age was
55 years. Eight patients (42%) had triple-negative breast
cancer and 18 patients had visceral disease. Seventeen out of
19 patients received prior both taxanes and anthracyclines,
including 11 patients in the adjuvant or neoadjuvant setting.
The median number of prior chemotherapies in the setting of
metastatic disease was 1.6 (range 0-3).

The combination therapy was generally well tolerated.
Table 2 summarizes the observed grade 3 and 4 adverse
events. The only grade 4 toxicity seen was neutropenia,
which 26% of patients experienced. Twenty-one percent of
patients experienced grade 3 neutropenia. The incidence of

significant neutropenia was less in the dose expansion cohort,
likely due to the use of growth factor support. Only 1 patient
experienced grade 3 neutropenia and 2 patients had grade 4
neutropenia in the expansion cohort. There were no
hospitalizations, however, for sepsis, fever or febrile
neutropenia. Other grade 3 toxicities included anemia (10%),
pericardial effusion (10%), diarrhea (10%), fatigue (10%),
peripheral sensory neuropathy (10%), infusion related
reactions (5%), and pleural effusion (5%). There were no
events of grade 3 or grade 4 thrombocytopenia.

Table 1. Baseline Data in Study Population (n=19).

Demographics and Clinical Characteristics No. (%)
Age years

Median 55.0
Range 35-73
Race

White 14 (73.7)
Black 4(21.0)
Asian 1(5.3)
Ethnicity

Hispanic or Latino 1(5.3)
Non-Hispanic 18 (94.7)
ECOG performance status (at baseline)

0 10 (52.6)
1 9 (47.4)
Visceral Disease

Yes 18 (94.7)
No 1(5.3)
Sites of Metastatic Disease

1 2 (10.5)
2 6 (31.6)
3 9 (47.4)
>3 2 (10.5)
Prior Therapy for Metastatic Disease

None 1(5.3)
Chemotherapy 16 (84.2)
Hormonal Therapy (If ER/PR positive) 10 (52.6)

Table 2. Summary of Grade 3 and 4 Adverse Events: Total Subjects (n=19).

L. Grade 3 Grade 4
AE Description n % n %
Anemia 2 1053 0 0.00
Pericardial effusion 1 526 0 0.00
Eye pain 1 5.26 0 0.00
Diarrhea 1 5.26 0 0.00
Fatigue 2 1053 0 0.00
Infusion related reaction 1 5.26 0 0.00
Lymphocyte count decreased 1 5.26 0 0.00
Neutrophil count decreased 4 21.05 5 26.32
White blood cell decreased 2 1053 0 0.00
Hypokalemia 1 5.26 0 0.00
Hyponatremia 1 526 O 0.00
Hypophosphatemia 0 0.00 1 5.26
Back pain 1 5.26 0 0.00
Myalgia 1 526 O 0.00
Peripheral sensory neuropathy 2 10.53 0 0.00
Dyspnea 1 5.26 0 0.00
Pleural effusion 1 526 0 0.00
Respiratory, thoracic and mediastinal
disorders - Other, specify ! 3260 0.00
Skin and subcutaneous tissue disorders - 1 526 0 0.00
Other, specify
Thromboembolic event 1 5.26 0 0.00
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The maximum tolerated dose of eribulin in combination
with carboplatin AUC 2 was identified as 1.4 mg/m’. Two
patients came off the trial therapy due to grade 3 carboplatin
infusion reaction (escalation cohort) and grade 4 neutropenia
(expansion cohort). Four patients experienced clinical
benefit, 2 with SD greater than 6 months and 2 with PR,
demonstrating a clinical benefit rate of 21%.

Median progression free survival (PFS) was estimated to
be 2.3 months (95% CI 1.35, 3.22 months), and median
overall survival was 13.6 months (95% CI 4.73, 18.67
months). In the triple-negative population, the median PFS
was 2.4 months (95% CI 0.76, 3.22 months). The overall
survival in this population was 7.6 months (95% CI 2.40,
18.67 months).

Patients were on treatment for an average of 3 months. The
longest duration of treatment on study was nearly 8 months.
This was observed in a patient with triple-negative disease.
The patient completed 10 cycles of carboplatin and eribulin
with delays following cycles 2 and 9 for neutropenia.

4. Discussion

The FDA approved eribulin to treat metastatic breast
cancer in 2010 based on the results of the EMBRACE trial.
[18] At that time, it was the first trial to show an improved
OS in this heavily pre-treated population of breast cancer
patients. The authors demonstrated that the toxicities
associated with treatment were manageable. Likewise, the
results of this Phase 1 trial indicate that the combination of
eribulin and carboplatin in a heavily pretreated population is
safe and tolerable with clinically relevant response rates. Our
study resulted in no treatment-related deaths.

Previous trials using combination of eribulin with higher
doses of carboplatin (AUC 5-6) have demonstrated a
significant incidence of severe hematologic toxicities. [14,
15, 16] However, in our trial no hematologic DLTs were
experienced. The most common hematologic adverse event,
however, was grade 1 neutropenia, experienced by 32% of
patients. Severe, grade 3 or 4 neutropenia occurred in 21%
and 26% of patients, respectively. However, these events led
to the discontinuation of therapy for only 1 patient, and there
were no admissions for sepsis, infection, or febrile
neutropenia. The prophylactic use of GCSF should be
considered in future studies with this regimen. As opposed to
previous studies, which reported that >20% of patients who
received combinations with higher doses of carboplatin
developed Grade 3 or 4 thrombocytopenia, the severity of
thrombocytopenia in this regimen was low with Grade 1
(16%) and Grade 2 (11%) [14, 15, 16].

Interestingly, a patient with the longest time on treatment
had triple negative breast cancer. She received a total of 10
cycles of chemotherapy with only 2 interruptions for
neutropenia. Her best response was stable disease, but
ultimately progressed on treatment. Additionally, one of the
only 2 patients who demonstrated a partial response had
triple-negative disease that was associated with a BRCAI1
mutation. This patient ultimately progressed after 6 cycles of

therapy. As a population, the patients with triple-negative
breast cancer received prior therapy including taxanes and
anthracyclines during the course of their treatment except one
patient, who presented with de novo metastatic disease. The
median PFS was estimated to be 2.4 months with a median
OS of 7.58 months. Furthermore, several patients who
experienced clinically meaningful benefit from this regimen
had triple-negative disease, one of whom had a BRCAI
mutation.

5. Conclusion

Eribulin in combination with carboplatin AUC 2 was well
tolerated in patients with pretreated advanced metastatic
breast cancer with a meaningful clinical benefit rate at 21%.
The toxicity profile was favorable with expected limited and
low-grade adverse events. This treatment combination is a
reasonable option for patients in the taxane refractory setting.
Further investigation of this approach can be further explored
for triple negative breast cancer given limited options
available in this population.
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