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Abstract
Purpose  This phase 1b study investigated the maximum tolerated dose (MTD; primary objective), safety, pharmacokinetics, 
and antitumor activity (secondary objectives) of eribulin combined with carboplatin in patients with solid tumors and, in 
particular, non-small cell lung cancer (NSCLC).
Methods  Two dose-escalation schemes were evaluated with carboplatin, at an area under the curve (AUC) of either 5 or 
6 mg/mL·min. Eribulin, dose-escalated from 0.7 to 1.4 mg/m2 was administered 1 h before (Schedule A) or after (Schedule B)  
carboplatin as a 2–5-min bolus infusion on days 1 and 8 of a 21-day cycle. Following tolerability assessment, patients with 
NSCLC were recruited in an expansion cohort.
Results  The MTDs were eribulin 1.4 and 1.1 mg/m2 with carboplatin AUC 5 and AUC 6, respectively. The latter combina-
tion was used to treat NSCLC patients in the expansion cohort. Pharmacokinetics of eribulin and carboplatin were generally 
unaffected by administration sequence (i.e., administration of carboplatin did not significantly affect eribulin Cmax and AUC​0–t  
and the converse was also observed). In the NSCLC cohort, the objective response rate was 27%. Median overall and 
progression-free survival durations were 12.1 and 4.2 months, respectively. No unexpected safety findings were observed.
Conclusions  The combination of eribulin and carboplatin demonstrated antitumor activity; however, recent therapeutic 
advances may be more promising approaches for first-line treatment of NSCLC.
Clinical trial registration NCT00268905.
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Introduction

Eribulin mesylate (“eribulin”) is a fully synthetic analogue 
of halichondrin B and has a mechanism of action distinct 
from the vinca alkaloids and taxanes, binding to specific 
sites on the growing (+) ends of microtubules, inhibiting 
their growth (polymerization) without affecting depolym-
erization [1, 2]. Eribulin is currently approved for the treat-
ment of patients with advanced or metastatic breast cancer 
who were previously treated with an anthracycline and a 
taxane or patients with unresectable or metastatic liposar-
coma who were previously treated with an anthracycline-
containing regimen; moreover, eribulin currently remains 
under investigation for various other malignancies, including 
non-small cell lung cancer (NSCLC), prostate cancer, and 
urothelial cancer.

Lung cancer remains the leading cause of cancer deaths 
in the USA, with a 5-year survival rate of < 20% [3], and 
NSCLC accounts for > 85% of all lung cancer cases. The 
standard of treatment for patients with NSCLC continues 
to change rapidly, with the introduction of targeted agents 
(e.g., for tumors with ALK or ROS1 rearrangements, or sen-
sitizing EGFR mutations), and the development of immune 
checkpoint inhibitors. However, for the majority of patients 
with NSCLC, cytotoxic chemotherapy remains the standard 
of care [4].

Eribulin has shown promising antitumor activity in 
patients with advanced or refractory NSCLC in phase 1, 2, 
and 3 studies [5–9]. Specifically, in a randomized phase 3 
study (NCT01454934) in patients with advanced NSCLC 
(n = 450), eribulin monotherapy in the third-line or higher 
setting had a similar median overall survival (OS) and 
progression-free survival (PFS) to treatment of physician’s 
choice, as well as a manageable safety profile; however, 
eribulin didn’t demonstrate superiority over treatment of 
physician’s choice [9].

While a 2-drug platinum-based combination still 
represents the recommended standard first-line therapy 
for the majority of patients with advanced disease, the 
usual platinum-based combinations for NSCLC appear to 
have reached a plateau in efficacy, with response rates of 
25–35%, time to progression of 4–6 months, median OS 
of 8–10 months, and 1-year survival rates of 30–40% [4]. 
Therefore, we felt that the combination of eribulin with a 
platinum agent, such as carboplatin, could be of interest as 
a new first-line therapy for advanced disease. We selected 
carboplatin because it is associated with better tolerabil-
ity [10] and has generally equivalent efficacy to cisplatin 
when used in combination with other agents, including 
taxanes, vinca alkaloid, and gemcitabine [11, 12].

This phase 1b, open-label, dose-finding, multicenter 
study investigated the maximum tolerated dose (MTD), 
safety, pharmacokinetics, and antitumor activity of eribulin 
in combination with carboplatin in patients with advanced 
solid tumors. The identified MTD was subsequently evalu-
ated in an expansion cohort for patients with NSCLC. Since 
the sequence of taxanes and platinum agents was previously 
reported as affecting toxicity and tumor response [13, 14], 
we also assessed the outcomes following different sequences 
of eribulin and carboplatin.

Materials and methods

Patient selection

Patients enrolled in this study had to be at least 18 years of 
age with pathologically confirmed advanced solid tumors 
that progressed following standard therapy, or for which no 
standard therapy existed. They were also required to have an 
Eastern Cooperative Oncology Group (ECOG) performance 
status of 0 or 1; life expectancy of at least 3 months; adequate 
renal, bone marrow, and liver function; and grade 2 or lower 
chemotherapy or radiation-related toxicities, except alopecia. 
Specifically, for the expansion cohort, patients were required 
to have pathologically confirmed advanced NSCLC (Stage 
IIIB or IV) with measurable disease, not amenable to curative 
surgical or radiation treatment, and to have received no prior 
chemotherapy for NSCLC. Informed consent was obtained 
from all individual participants included in the study. For 
all patient cohorts, key exclusion criteria included: (1) anti-
cancer therapy (investigational drugs, immunotherapy, gene 
therapy, hormone therapy, biological therapy, chemotherapy, 
or radiation) within 3 weeks before study treatment; (2) prior 
high-dose chemotherapy with hematopoietic stem cell rescue, 
or stem cell or bone marrow transplant in the past 2 years; 
(3) pulmonary lymphangitic involvement requiring active 
treatment; and (4) active symptomatic brain metastases or 
meningeal carcinomatosis. Other criteria for ineligibility 
included significant cardiovascular impairment (history of 
congestive heart failure of greater than grade II severity by 
New York Heart Association classification, unstable angina 
or myocardial infarction within the past 6 months, or serious 
cardiac arrhythmia); preexisting neuropathy of greater than 
grade 2 severity; prior use of anticoagulants; HIV-positivity; 
or active hepatitis B or C at study entry. For patients with 
NSCLC, a prior malignancy (other than carcinoma in situ 
of the cervix or nonmelanoma skin cancer) was not allowed, 
unless the prior malignancy was diagnosed and treated at 
least 5 years previously.
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Study design

This was a phase 1b, multicenter, open-label, 2-arm, dose-
finding study to determine the MTD of eribulin in com-
bination with carboplatin in patients with advanced solid 
tumors (NCT00268905). We designed 2 dose-escalation 
schemes using carboplatin at an area under the plasma con-
centration–time curve (AUC) of 5 or 6 mg/mL·min (Fig. 1). 
Intrapatient dose-escalation was not permitted. In Scheme 1 
(carboplatin AUC 5.0 mg/mL·min: AUC 5), eribulin was 
dose escalated from 0.7 to a maximum of 1.4 mg/m2 in a 
3 + 3 design. Patients received eribulin 1 h before (Sched-
ule A) or 1 h after (Schedule B) carboplatin administra-
tion. In Scheme 2 (carboplatin AUC 6.0 mg/mL·min: AUC 
6), eribulin dose-escalation in a 3 + 3 design began 1 dose 
level below the MTD from Scheme 1. The preferred treat-
ment schedule (A or B), based on safety and tolerability of 
Scheme 1, was used in combination with carboplatin AUC 
6. If carboplatin AUC 6 + eribulin was tolerated, an addi-
tional 20 patients with chemotherapy-naïve stage IIIB or 
IV NSCLC were to be accrued at the MTD as an expansion 
cohort. If carboplatin AUC 6 was not tolerated, then an addi-
tional 20 patients would be enrolled at the MTD obtained 
with carboplatin AUC 5 + eribulin. The planned enrollment 
was approximately 60–85 patients, including 20 patients in 
the expanded NSCLC cohort.

Eribulin was administered as a 2–5-min bolus infusion 
on days 1 and 8 of a 21-day cycle. Carboplatin was admin-
istered as a 30-min intravenous infusion on day 1 of the 
21-day cycle. Patients received study treatment until disease 

progression, unacceptable toxicity, or withdrawal of consent. 
This study was conducted in accordance with Good Clinical 
Practice guidelines and the Declaration of Helsinki and was 
approved by the relevant Institutional Review Boards.

Study objectives

The primary objective was to determine the MTD of eribulin  
in combination with carboplatin. The secondary objectives 
were to assess safety, pharmacokinetics, and antitumor activ-
ity of the combination in all patients. Separately, the efficacy 
of eribulin + carboplatin at the MTD in the NSCLC-expan-
sion cohort was also evaluated in terms of objective response 
rate (ORR), OS, PFS, and duration of response.

Study assessments

The MTD was defined as the highest dose where fewer 
than 2 out of 6 patients experienced a dose-limiting toxic-
ity (DLT). If the MTDs differed between the 2 schedules, 
the schedule with the higher MTD was selected for further 
study. If the MTDs in both schedules were the same, the 
safety profiles of each schedule would be evaluated to deter-
mine the preferred schedule.

Adverse events (AEs) were graded according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events, version 3.0. DLTs were measured in 
cycle 1 and were defined as nonhematologic or hematologic. 
Nonhematologic DLT included grade ≥ 3 toxicity (excluding 
untreated nausea, vomiting, tumor flare, or tumor lyses con-
trollable by aggressive palliative therapy), which resolved to 
grade 2 or lower toxicity within 14 days. Hematologic DLTs 
included grade 4 thrombocytopenia, grade 3 thrombocytope-
nia with clinically significant bleeding, grade 4 neutropenia 
not reversible to grade 3 or better in ≤ 5 days without growth 
factor support, febrile neutropenia, or neutropenia associated 
with bacteremia or sepsis. Anemia or lymphopenia of any 
grade was not considered a DLT.

Radiologic efficacy assessments per Response Evaluation 
Criteria In Solid Tumors were performed once every second 
cycle between day 15 and day 21 in disease areas identified 
at baseline, and at any other new areas of suspected disease, 
or sooner if there was evidence of disease progression.

ORR was defined as complete response (CR; complete 
disappearance of all target lesions) and partial response (PR; 
at least 30% decrease in the sum of the longest diameter of 
target lesions, taking as reference the baseline summed long-
est diameter). All tumor responses were confirmed ≥ 4 weeks 
after the date the response was first recorded. OS was meas-
ured from the date of first dose of study drug until death 
from any cause. PFS was measured from the date of first 
dose of study drug to the date of documented progression 
of the disease or death from any cause. Duration of response 

Scheme 1 Scheme 2 Expansion cohort
Eribulin plus
carboplatin

AUC 6.0 mg/
mL·min*

Involves 
20 patients with 
chemotherapy-

naïve, 
unresectable

NSCLC

Schedule A.
Eribulin before
carboplatin

Schedule B.
Eribulin after
carboplatin

*If carboplatin AUC 6 is not tolerated, then an additional 20 patients will be 
enrolled at the MTD obtained with carboplatin AUC 5 plus eribulin.
†MTD-1 = 1 level below MTD.
3 Patients are enrolled into each dose level. If none of the 3 patients 
experience dose-limiting toxicities, 3 patients will be treated at the next dose level.
However, if a DLT occurs in 1 of those 3 patients, 3 additional patients (total of 6)
will be treated at that dose level.

Eribulin plus
carboplatin

AUC 6.0 mg/
mL·min

Eribulin plus
carboplatin

AUC 5.0 mg/
mL·min

0.7 mg
0.9 mg

1.1 mg
1.4 mg
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0.9 mg
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MTD
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Fig. 1   Study design
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was measured from the first documented CR or PR until 
disease progression or death from any cause.

Pharmacokinetic analyses

Pharmacokinetic sampling was performed in all patients dur-
ing cycle 1 of the dose-escalation phase. Blood and urine 
samples were collected on days 1, 2, and 3. Plasma and 
urine levels of eribulin and carboplatin were determined by 
a validated liquid chromatography–tandem mass spectrom-
etry method on a triple quadrupole mass spectrometer in 
positive ion mode. Eribulin was extracted from blood and 
urine samples using liquid–liquid extraction; the sample was 
then subjected to reverse-phase chromatography. Eribulin 
and an internal standard were monitored at each analytes’ 
approximate precursor and product ion and quantification 
was based on a linear 1/x2 weighted regression analysis of 
the peak area ratios of eribulin and internal standard ver-
sus concentrations. Carboplatin was extracted from plasma 
and urine samples using protein precipitation or solid-phase 
extraction, respectively. Extracted samples were subjected 
to strong cation exchange chromatography and carboplatin 
and internal standards were monitored at each analytes’ 
approximate precursor ion and product ion. Quantification 
was based on a linear (plasma samples) or quadratic (urine 
samples) 1/x2 weighted regression analysis of the peak area 
ratios of carboplatin to internal standard versus concentra-
tions. Pharmacokinetic sampling was not performed for 
patients in the NSCLC extension arm.

Statistical analyses

The primary and secondary end points were analyzed over 6 
cycles following the last patients enrolled or after all patients 
completed the study, whichever occurred first. The determina-
tion of the MTD was based on the first cycle of treatment only.

The safety evaluable population consisted of all patients 
who received at least a partial dose of the study treatment.

The eff icacy-evaluable population comprised 
chemotherapy-naïve patients with stage IIIB or IV NSCLC 
not amenable to surgical or radiation treatment and who had 
completed at least 1 cycle of treatment according to the pro-
tocol. We performed no formal statistical treatment compari-
sons for efficacy. No adjustments for covariates or multiplic-
ity were performed. Efficacy analysis of the NSCLC cohort 
was purely exploratory and that of the dose determination 
part of the study was descriptive only. The secondary efficacy 
analyses of response rates, clinical benefit rate (CBR; defined 
as the percentage of patients who achieved CR, PR, or stable 
disease [SD] for ≥ 6 months), and disease control rate (DCR; 
defined as the percentage of patients who achieved CR, PR, 

and SD) were calculated with corresponding 2-sided exact 
95% confidence intervals (CIs) based on the Clopper–Pearson  
method; the duration of response, PFS, and OS were sum-
marized using Kaplan–Meier product-limit estimates.

Continuous demographic and other baseline characteris-
tics (e.g., age) were summarized using descriptive statistics. 
Categorical parameters (e.g., ECOG performance status, 
sex, or race) were summarized by number and percentage, 
with missing numbers defined as an additional category.

Pharmacokinetic parameters were calculated using non-
compartmental analysis and summarized by scheme, dose, 
and schedule. No formal statistical analysis was conducted.

Results

The study was conducted between October 25, 2006 and 
November 22, 2011 at study sites in the USA (n = 4), Aus-
tria (n = 4), and India (n = 4). A total of 68 patients were 
screened, 64 of whom were enrolled and received at least 
1 dose of study drug: 43 patients in the dose-finding phase 
with carboplatin AUC 5, 9 patients in the dose-finding phase 
with carboplatin AUC 6, and 12 patients with NSCLC in 
the expansion cohort. Enrollment in the expansion cohort 
was discontinued due to slow recruitment and changes in 
the standard of care during the study period; however, data 
from the 12 patients with NSCLC were used to conduct the 
study analysis.

Table 1 summarizes patient demographics and base-
line disease characteristics. Overall, the median age was 
61 (range, 38–80) years; 56% were male, and 52% were 
white. Some imbalances in demographics and other base-
line characteristics between the dose-escalation cohorts 
and the smaller NSCLC cohort were noted, including race 
and the proportion of older patients (aged ≥ 65 years). 
However, the relevance of these differences may be lim-
ited because of the relatively small number of patients 
in the AUC 6 and NSCLC cohorts. The most common 
tumor types in the dose-escalation portion of the study 
were gynecological (n = 12), prostate (n = 12), colorectal/
anal (n = 9), and lung (n = 8). Most patients in the dose-
escalation cohorts had received at least 1 prior therapy 
regimen for advanced or metastatic disease. Prior therapy 
appeared comparable between patients assigned to Sched-
ules A and B (data not shown).

Maximum tolerated dose, dose‑limiting toxicities, 
and preferred schedule

In the carboplatin AUC 5 dose-escalation phase, a 
DLT (diarrhea) occurred in 1 of 5 patients treated with 
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eribulin 1.4 mg/m2 on Schedule B. No patient receiving 
this dose in Schedule A experienced a DLT (Table 2). 
Thus, we defined the MTD as 1.4 mg/m2, and the opti-
mum sequence of administration as eribulin followed by 
carboplatin (Schedule A). This dose and schedule were 
therefore used for the subsequent dose-escalation and 
expansion cohorts.

In the carboplatin AUC 6 cohort, DLTs occurred in 1 of 6 
patients (febrile neutropenia) at the dose level of 1.1 mg/m2, 
and in 2 of 3 patients (febrile neutropenia, neutropenia) at 
1.4 mg/m2 (Table 2). Thus, the MTD of eribulin in combina-
tion with carboplatin AUC 6 was 1.1 mg/m2. This dosing regi-
men was subsequently used for the NSCLC-expansion cohort.

During the entire study, DLTs were observed in 13 
patients during the first cycle, including 4 patients in the 
NSCLC-expansion cohort.

Pharmacokinetics

Data were collected from 52 patients during cycle 1 and 
9 patients during cycle 2. Eribulin and carboplatin plasma 
profiles appeared to have considerable variation (AUC % 
coefficient of variation [CV] = 32–89%) within dose and 
schedule groups. Eribulin maximum serum concentration 
(Cmax) and AUC time zero to time “t” (0–t) increased in a 
dose-dependent manner over the 0.7–1.4 mg/m2 dose range 
(Fig. 2). The variability in Cmax and AUC values was high 
in both schedules, and individual Cmax and AUC values 
overlapped among doses (Fig. 2). Administration of carbo-
platin did not significantly affect eribulin Cmax and AUC​0–t, 
regardless of the administration sequence, nor did eribulin 
administration affect the pharmacokinetics of carboplatin. 
Urinary excretion of eribulin was low, with mean values 

Table 1   Patient demographics 
and disease stage at baseline

AUC​ area under the curve, AUC 5 carboplatin AUC 5.0  mg/mL·min, AUC 6 carboplatin AUC 6.0  mg/
mL·min, ECOG PS Eastern Cooperative Oncology Group performance status, NSCLC non-small cell lung 
cancer

Treatment cohort Eribulin + carbopl-
atin AUC 5 (n = 43)

Eribulin + carbopl-
atin AUC 6 (n = 9)

Patients with 
NSCLC (n = 12)

Total (n = 64)

Age
 Median (years) 60.0 59.0 66.5 61.0
 Range (years) 38–80 53–75 42–74 38–80
 ≥ 65 years, n (%) 10 (23.3) 3 (33.3) 9 (75.0) 22 (34.4)

Sex, n (%)
 Female 22 (51.2) 5 (55.6) 1 (8.3) 28 (43.8)
 Male 21 (48.8) 4 (44.4) 11 (91.7) 36 (56.3)

Race, n (%)
 White 23 (53.5) 3 (33.3) 7 (58.3) 33 (51.6)
 Black 14 (32.6) 5 (55.6) 0 19 (29.7)
 Asian/Pacific Islander 1 (2.3) 0 5 (41.7) 6 (9.4)
 Other 5 (11.6) 1 (11.1) 0 6 (9.4)

ECOG PS, n (%)
 0 8 (18.6) 0 6 (50.0) 14 (21.9)
 1 35 (81.4) 9 (100.0) 6 (50.0) 50 (78.1)

Disease stage
 II 9 (20.9) 0 0 9 (14.1)
 III 5 (11.6) 1 (11.1) 4 (33.3) 10 (15.6)
 IV 29 (67.4) 5 (55.6) 8 (66.7) 42 (65.6)
 Missing/unknown 0 3 (33.3) 0 3 (4.7)

Prior chemotherapy regimens, n (%)
 0 0 0 12 12 (18.8)
 1 2 (4.7) 0 0 2 (3.1)
 2 3 (7.0) 2 (22.2) 0 5 (7.8)
 3 12 (27.9) 3 (33.3) 0 15 (23.4)
 4 7 (16.3) 1 (11.1) 0 8 (12.5)
 5 7 (16.3) 0 0 7 (10.9)
 ≥ 6 12 (27.9) 3 (33.3) 0 15 (23.4)
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ranging from 2.5 to 6.1% of the administered dose. In con-
trast, urinary excretion of carboplatin ranged from 59.8 to 
78.9% (data not shown).

Antitumor activity

Eleven of 12 patients with NSCLC completed at least 1 
chemotherapy cycle according to the protocol and were 
evaluable for efficacy (Table 3); 1 patient died due to car-
diac failure (not treatment-related). The best response 
observed was PR in 3 patients resulting in an ORR of 27% 
(95% CI 6–61%). The CBR and DCR were 27% and 64%, 
respectively. The median OS was 12.1 months, median PFS 
was 4.2 months, and the median duration of response was 
2.9 months in the NSCLC cohort.

Antitumor activity was also recorded in the dose esca-
lation phases, although no formal efficacy evaluation was 
conducted. In the carboplatin AUC 5 group, 3 patients 
achieved CR or PR. The ORR was 9.5% (95% CI 1–30%) 

when eribulin (at any dose) was given before carboplatin 
AUC 5, and 4.5% (95% CI 0.1–23%) when eribulin was 
given after carboplatin AUC 5. In the carboplatin AUC 6 
group, no patient achieved a CR and 1 patient achieved a 
PR. The ORR was 11.1% (95% CI 0.3–48%), regardless of 
eribulin dose. Examination by tumor type indicated that the 
maximum number of best overall responses was achieved in 
patients with prostate cancer, followed by those with lung 
cancer or ovarian cancer (Online Table S1). Of all patients 
accrued to this study, 12 were men with castration-resist-
ant prostate cancer (CRPC), all of whom had been treated 
with docetaxel, and were either refractory to or intolerant 
of docetaxel. In patients with CRPC, we observed 2 partial 
responses and 6 patients had a > 49% decline in their pros-
tate-specific antigen levels from baseline (ranging from 49 to 
96%). Duration of treatment for patients with CRPC ranged 
from 6 weeks up to 23 months. However, no definitive con-
clusions can be drawn, as this study was neither planned nor 
powered for such analyses.

Table 2   DLTs during cycle 1 in patients treated with eribulin + carboplatin AUC 5 or AUC 6

Schedule A, eribulin then carboplatin; Schedule B, carboplatin then eribulin
AUC​ area under the curve, AUC 5 carboplatin AUC 5.0  mg/mL·min, AUC 6 carboplatin AUC 6.0  mg/mL·min, DLT dose-limiting toxicity, 
NSCLC non-small cell lung cancer
a 1 Patient experienced 2 DLTs
b Febrile neutropenia was grade 4 (n = 2) or grade 3 (n = 2)
c Thrombocytopenia was grade 4 (n = 2) or grade 3 (n = 1)

DLT Eribulin dose and schedule

0.7 mg/m2 0.9 mg/m2 1.1 mg/m2 1.4 mg/m2

A B A B A B A B

Carboplatin AUC 5, dose-escalation phase (n = 6) (n = 6) (n = 6) (n = 8) (n = 6) (n = 3) (n = 3) (n = 5)
 Patients with DLT 1 1 1 1 1 0 0 1
 Grade 4 febrile neutropenia 1
 Grade 4 neutropenia 1a

 Grade 4 thrombocytopenia 1
 Grade 3 leukopenia 1a

 Grade 3 arthralgia 1a

 Grade 3 neuralgia 1a

 Grade 3 hyperglycemia 1
 Grade 3 diarrhea 1

Carboplatin AUC 6, dose-escalation phase (n = 6) (n = 3)
 Patients with DLT 1 2
 Grade 4 febrile neutropenia 1
 Grade 3 febrile neutropenia 1
 Grade 4 neutropenia 1

Carboplatin AUC 6, NSCLC cohort (n = 12)
 Patients with DLT 4
 Febrile neutropenia, grade 3–4 4b

 Thrombocytopenia, grade 3–4 3c

 Grade 4 leukopenia 1
 Grade 3 gastroenteritis 1
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Safety

Overall, patients received a median number of 3 cycles, with 
a median of 4 cycles in the NSCLC-expansion cohort. Dur-
ing the dose-escalation phase with AUC 5, patients received 
a median number of 2 and 4 treatment cycles with Schedules 
A and B, respectively, and 2.5 treatment cycles with AUC 6. 
The mean (standard deviation) eribulin relative dose inten-
sity was 81.7% (18.0) for all patients, and 82.7% (20.1) in 
the NSCLC cohort. In the dose-escalation phase, eribulin 
relative dose intensity (standard deviation) was 96.1% (6.7) 

and 72.2% (23.6) with Schedules A and B, respectively, and 
86.5% (15.9) with AUC 6. AEs leading to withdrawal of 
eribulin or carboplatin occurred in 14 (22%) and 13 (20%) 
patients, respectively; the discrepancy relates to 1 patient 
who withdrew due to neuralgia specifically with eribulin, 
rather than carboplatin. The pattern of withdrawal or modi-
fication of study treatment due to AEs was nearly identical 
for eribulin and carboplatin. A summary of AEs leading to 
dose modification is provided in Table 4.

In general, no unexpected safety findings were observed, 
and AEs were generally consistent with the safety profile 
of the individual drugs. Types of AEs were similar across 
the 3 treatment cohorts, though the severity of AEs differed 
among cohorts. The most common AEs throughout the 
study were fatigue (38 of 64 patients; 59%), neutropenia 
(n = 36; 56%), thrombocytopenia (n = 26; 41%), anemia and 
nausea (both n = 24; 38%), anorexia (n = 18; 28%), diarrhea 
(n = 16; 25%), and vomiting (n = 15; 23%). AEs considered 
potentially related to eribulin and carboplatin occurred in 59 
(92%) patients each, with a similar AE profile attributed to 
both drugs. The most common AEs (in at least 2 patients) 
of grade 3 or higher severity were neutropenia (27 of 64 
patients; 42%), thrombocytopenia (n = 13; 20%), anemia 
(n = 9; 14%), febrile neutropenia (n = 6; 9%), leukopenia 
(n = 5; 8%), hyperglycemia (n = 3; 5%), and abdominal 
pain, fatigue, headache, deep vein thrombosis, dyspnea, 
hypokalemia, and pneumonia (2 patients each; 3%). In the 
NSCLC cohort, the most common AEs of grade 3 or higher 
were thrombocytopenia (6 of 12 patients; 50%), neutropenia 
(n = 5; 42%), febrile neutropenia (n = 4; 33%), anemia (n = 3; 
25%), and dyspnea, hypokalemia, leukopenia, and pneumo-
nia (2 patients each; 17%).

Two deaths occurred during the treatment period (on 
study treatment or within 30 days of the last dose)—1 in 
the AUC 5 dose-escalation cohort and 1 in the NSCLC 
cohort. These 2 events, together with 1 death that occurred 
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Fig. 2   Eribulin Cmax and AUC​0–t versus dose in Cycle 1 Schedule A: 
eribulin before carboplatin; Schedule B: eribulin after carboplatin

Table 3   Response to eribulin + carboplatin in patients with advanced solid tumors and chemotherapy-naïve NSCLC

AUC​ area under the curve, AUC 5 carboplatin AUC 5.0 mg/mL·min, AUC 6 carboplatin AUC 6.0 mg/mL·min, CI confidence interval, CR com-
plete response, NSCLC non-small cell lung cancer, PR partial response, SD stable diesase
a Patients with NSCLC who completed 1 full cycle of treatment were evaluable for response
b Clinical benefit rate is defined as objective response (CR + PR) + SD ≥ 6 months
c Disease control rate is defined as objective response (CR + PR) + SD

Response Eribulin 0.7–1.4 mg/m2 + carboplatin AUC 5 or 6

Solid tumors (n = 52) NSCLC (n = 11)a All patients (n = 63)

Objective response; n (%) [95% CI] 4 (7.7) 3 (27.3) [6.02–60.97] 7 (11.1)
 CR 1 (1.9) 0 (0) 1 (1.6)
 PR 3 (5.8) 3 (27.3) 6 (9.5)

SD 24 (46.2) 4 (36.4) 28 (44.4)
Clinical benefit rate; n (%)b [95% CI] 8 (15.4) 3 (27.3) [6.02–60.97] 11 (17.5)
Disease control rate; n (%)c [95% CI] 28 (53.8) 7 (63.6) [30.79–89.07] 35 (55.6)
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33 days post-treatment, were recorded as serious AEs, but 
were not considered to be treatment-related by the physi-
cians in charge. The causes of death for these 3 patients 

were recorded as disease progression, cardiac failure, and 
disease progression in a patient with an ongoing serious AE 
of cerebrovascular ischemia, respectively.

Table 4   Adverse events leading 
to withdrawal or modification of 
eribulin or carboplatin (n = 64)

Adverse event (> 1 patient) Patients, n (%) Eribulin dose, mg/m2 (n)

Events leading to withdrawal
Total 14 (21.9) –
Nervous system disorders 4 (6.3)a AUC 5

0.7 (2)
0.9 (1)b

AUC 6
1.1 (1)

Blood/lymphatic disorders 3 (4.7) AUC 5
0.9 (2)
AUC 6
1.1 (1)

 Thrombocytopenia 3 (4.7) AUC 5
0.9 (2)
AUC 6
1.1 (1)

 Neutropenia 2 (3.1) AUC 5
0.9 (1)
AUC 6
1.1 (1)

Cardiac disorders 2 (3.1)c AUC 6
1.1 (2)

Events leading to dose modification, by affected system/organ/class
Interruption 2 (3.1) –
Reduction 15 (23.4) –
Delay 32 (50.0) –
Blood/lymphatic system disordersd –
 Reduction 14 (21.9) AUC 5

0.7 (1)
0.9 (3)
1.1 (3)
1.4 (2)
AUC 6
1.1 (1)e

Expansion cohort
1.1 (4)

 Delay 25 (39.1) AUC 5
0.7 (6)
0.9 (5)
1.1 (5)
1.4 (2)
AUC 6
1.1 (2)
1.4 (1)
Expansion cohort
1.1 (4)

Events leading to interruption only
 Skin and subcutaneous tissue disorders 2 (3.1)f AUC 5

0.7 (2)e
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Discussion

This phase 1b study assessed the MTD, safety, pharmacoki-
netics, and antitumor activity of the combination of eribulin, 
a microtubule dynamics inhibitor, with carboplatin, a plati-
num agent, in patients with advanced solid tumors, including 
an expansion cohort with NSCLC.

The MTD of eribulin was 1.4 mg/m2 when combined 
with carboplatin AUC 5 and 1.1 mg/m2 when given with 

carboplatin AUC 6. The combination exhibited a manage-
able safety profile, with neutropenia or febrile neutropenia, 
the most frequently reported DLTs. Subsequently, an eribu-
lin dose of 1.1 mg/m2 was used for the NSCLC cohort. The 
inability to combine carboplatin AUC 6 with the higher 
eribulin dose of 1.4 mg/m2 was likely due to overlapping 
toxicity profiles for the 2 drugs, notably in terms of myelo-
suppression, as well as the fact that the dose-escalation part 
of the study enrolled a heavily pretreated patient population.

Adverse events not shown occurred in no more than 1 patient each
AUC 5, carboplatin AUC 5.0 mg/mL·min; AUC 6, carboplatin AUC 6.0 mg/mL·min
a 1 Patient each with neuralgia, neuropathy, sensorimotor disorder, and syringomyelia
b Withdrawal or modification of eribulin dose only
c 1 Patient each with cardiac failure and coronary artery disease
d Predominantly due to neutropenia and thrombocytopenia
e Withdrawal or modification of carboplatin dose only
f Pruritus in 2 patients
g Diarrhea, nausea, and vomiting in 2 patients each
h Fatigue and reduced performance status in 2 patients each
i Dyspnea in 2 patients

Table 4   (continued) Adverse event (> 1 patient) Patients, n (%) Eribulin dose, mg/m2 (n)

Events leading to delays only
 Gastrointestinal disorders 4 (6.3)g AUC 5

0.7 (1)
1.1 (1)
1.4 (1)
AUC 6
1.4 (1)

 General disorders and administration site conditions 6 (9.4)h AUC 5
0.9 (1)
1.1 (1)
1.4 (3)
AUC 6
1.1 (1)

 Infections and infestations 3 (4.7) AUC 5
1.1 (1)
1.4 (2)

 Metabolism and nutrition disorders 3 (4.7) AUC 5
1.1 (2)
1.4 (1)

 Musculoskeletal and connective tissue disorders 3 (4.7) AUC 5
0.7 (1)
0.9 (1)b

1.1 (1)
 Nervous system disorders 2 (3.1) AUC 5

0.7 (1)
0.9 (1)

 Respiratory, thoracic, and mediastinal disorders 2 (3.1)i AUC 5
1.4 (1)
AUC 6
1.1 (1)b
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Eribulin exposure was found to increase in a dose-
dependent manner. Urinary excretion was low with eribulin 
but high with carboplatin, in line with previous findings [15, 
16]. Pharmacokinetic analyses showed no significant drug 
interaction between eribulin and carboplatin. No major dif-
ferences in Cmax and AUC​0–t (eribulin) or AUC from time 
zero to infinity (0–∞) (carboplatin) were observed for either 
eribulin or carboplatin, irrespective of the cohorts, cycles, 
and schedules, indicating that eribulin administration before 
or after carboplatin did not affect carboplatin pharmacoki-
netics and vice versa.

Sporadic cases of clinically relevant tumor responses 
were observed in the dose-finding cohorts. The prostate-
specific antigen response rate observed in this study was 
comparable to the previously published phase 2 results with 
eribulin in patients with CRPC [17]. While there have been 
2 single-agent eribulin studies performed in CRPC, neither 
has demonstrated such intense activity in taxane-pretreated 
patients [17, 18]. There are ample preclinical data on the 
combination of carboplatin with eribulin in NSCLC models; 
however, no data exist in prostate cancer models. Carbo-
platin, along with the other platinates, has been used as a 
treatment option for patients with CRPC, with limited-to-
moderate success [19–23].

Although response rates were calculated, the small patient 
numbers, the heterogeneous tumor types, and the differing 
levels of pretreatment preclude any meaningful determina-
tion of efficacy in the study population as a whole. In the 
small NSCLC cohort, the ORR of 27% and the median OS 
and PFS of 12.1 and 4.2 months, respectively, were within 
the typical range for platinum-based combination regimens 
for patients with advanced NSCLC [4].

AEs observed with the eribulin + carboplatin combination 
were generally consistent with the known safety profiles of 
each drug, with the exception of neutropenia, albeit the latter 
was not unexpected. The reported incidence of neutropenia 
in this study could be attributed to eribulin, which is typi-
cally associated with a higher incidence of neutropenia. For 
example, the incidence of neutropenia associated with eribulin 
monotherapy was 52% in the pivotal breast cancer study [24] 
compared to 56% in the current study. The higher incidence of 
thrombocytopenia in the current study (41% vs. < 10% in the 
breast cancer study) was expected because thrombocytopenia 
is commonly associated with carboplatin treatment [10, 24].

Eribulin is also under investigation with various other 
agents in patients with NSCLC. These include a phase 1 
study of eribulin + gemcitabine that identified a recom-
mended phase 2 dose of eribulin 1.0 mg/m2 and gemcit-
abine 1000 mg/m2 on days 1 and 8 every 3 weeks [25]. 
Eribulin combined with pemetrexed 500 mg/m2 has also 
been evaluated in NSCLC, but the combination was toler-
ated only with a reduction in the eribulin dose to 0.9 mg/m2  
once every 3 weeks and provided no obvious advantage 

relative to pemetrexed alone in a phase 2 study [26]. In con-
clusion, although the combination of eribulin and carbo-
platin demonstrated antitumor activity in this study, other 
recent advances have suggested more promising approaches 
for first-line treatment of NSCLC [27–29].

Acknowledgements  We thank all the patients and investigators who 
participated in this study. We would also like to thank Gresel Martinez 
of Eisai Inc., USA, Paloma Salazar of Eisai Ltd., UK. Editorial support, 
funded by Eisai Inc., was provided by Oxford PharmaGenesis Inc., 
Newtown, PA, USA. This study was funded by Eisai Inc.

Funding  Editorial support for this manuscript and styling for submis-
sion were provided by Oxford PharmaGenesis Inc, Newtown, PA, USA, 
and this support was funded by Eisai Inc., Woodcliff Lake, NJ, USA.

Compliance with ethical standards 

Conflict of interest  Sanjay Goel: received funding for the study from 
Eisai Inc. Kirushna Kumar: received grant for conducting the study 
from Eisai. Christian Dittrich: received an unrestricted research grant 
from Eisai. Larisa Reyderman: employee of Eisai Inc. Joseph Aisner: 
received remuneration for DMC panels from Bristol-Myers Squibb 
and Merck-Serono. James Song: former employee of Eisai Inc. Daniel 
P. Petrylak: received consultant fees from AstraZeneca, Bayer, Bel-
licum, Dendreon, Exelixis, Ferring, Johnson and Johnson, Lilly, Me-
divation, Millennium, Pfizer, Roche Laboratories, and Sanofi Aventis 
(Tyme pharmaceuticals discontinued 1/31/17). Received grant support 
from Agensys, AstraZeneca, Bayer, Clovis, Dendreon, Eli Lilly, Endo-
cyte, Genentech, Innocrin, Johnson and Johnson, Lilly, MedImmune, 
Medivation, Merck, Millennium, Novartis, Pfizer, Progenics, Roche 
Laboratories, Sanofi Aventis, and Sotio. Has ownership interest/invest-
ment in Bellicum, Tyme. Umang Swami and Minish Jain: no conflicts 
of interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards. 
This article does not contain any studies with animals performed by 
any of the authors.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

References

	 1.	 Dybdal-Hargreaves NF, Risinger AL, Mooberry SL (2015) Eribulin 
 mesylate: mechanism of action of a unique microtubule-targeting 
agent. Clin Cancer Res 21:2445–2452

	 2.	 Smith JA, Wilson L, Azarenko O, Zhu X, Lewis BM, Littlefield 
BA, Jordan MA (2010) Eribulin binds at microtubule ends to a 
single site on tubulin to suppress dynamic instability. Biochemis-
try 49:1331–1337

	 3.	 SEER Cancer Statistics Factsheets: Lung and Bronchus Cancer. 
Bethesda, MD: National Cancer Institute. http://seer.cance​r.gov/
statf​acts/html/lungb​.html. Accessed 18 Apr 2019

	 4.	 National Comprehensive Cancer Network Clinical Practice Guide-
lines in Oncology (NCCN Guidelines®) (2018) Non-small cell 
lung cancer. Version 2.2018. https​://www.nccn.org/profe​ssion​als/
physi​cian_gls/pdf/sclc.pdf. Accessed 18 Apr 2019

http://seer.cancer.gov/statfacts/html/lungb.html
http://seer.cancer.gov/statfacts/html/lungb.html
https://www.nccn.org/professionals/physician_gls/pdf/sclc.pdf
https://www.nccn.org/professionals/physician_gls/pdf/sclc.pdf


577Cancer Chemotherapy and Pharmacology (2019) 84:567–578	

1 3

	 5.	 Synold TW, Morgan RJ, Newman EM, Lenz HJ, Gandara DR, 
Colevas AD, Lewis MD, Doroshow J (2005) A phase I pharma-
cokinetic and target validation study of novel anti-tubulin agent 
E7389: a California Cancer Consoritum [abstract]. J Clin Oncol 
23(16 suppl):3036

	 6.	 Mukohara T, Nagai S, Mukai H, Namiki M, Minami H (2012) 
Eribulin mesylate in patients with refractory cancers: a Phase I 
study. Invest New Drugs 30:1926–1933

	 7.	 Gitlitz BJ, Tsao-Wei DD, Groshen S, Davies A, Koczywas M, 
Belani CP, Argiris A, Ramalingam S, Vokes EE, Edelman M, 
Hoffman P, Ballas MS, Liu SV, Gandara DR (2012) A phase 
II study of halichondrin B analog eribulin mesylate (E7389) in 
patients with advanced non-small cell lung cancer previously 
treated with a taxane: a California Cancer Consortium trial. J 
Thorac Oncol 7:574–578

	 8.	 Spira AI, Iannotti NO, Savin MA, Neubauer M, Gabrail NY, 
Yanagihara RH, Zang EA, Cole PE, Shuster D, Das A (2012) 
A phase II study of eribulin mesylate (E7389) in patients with 
advanced, previously treated non-small-cell lung cancer. Clin 
Lung Cancer 13:31–38

	 9.	 Katakami N, Felip E, Spigel DR, Kim JH, Olivo M, Guo M, Noki-
hara H, Yang JC, Iannotti N, Satouchi M, Barlesi F (2017) A ran-
domized, open-label, multicenter, phase 3 study to compare the 
efficacy and safety of eribulin to treatment of physician’s choice 
in patients with advanced non-small cell lung cancer. Ann Oncol 
28:2241–2247

	10.	 de Castria TB, da Silva EM, Gois AF, Riera R (2013) Cisplatin 
versus carboplatin in combination with third-generation drugs for 
advanced non-small cell lung cancer. Cochrane Database Syst 
Rev. https​://doi.org/10.1002/14651​858.CD009​256.pub2

	11.	 Schiller JH, Harrington D, Belani CP, Langer C, Sandler A, Krook 
J, Zhu J, Johnson DH, Eastern Cooperative Oncology Group 
(2002) Comparison of four chemotherapy regimens for advanced 
non-small-cell lung cancer. N Engl J Med 346:92–98

	12.	 Kelly K, Crowley J, Bunn PA Jr, Presant CA, Grevstad PK, Moin-
pour CM, Ramsey SD, Wozniak AJ, Weiss GR, Moore DF, Israel 
VK, Livingston RB, Gandara DR (2001) Randomized phase III 
trial of paclitaxel plus carboplatin versus vinorelbine plus cispl-
atin in the treatment of patients with advanced non–small-cell 
lung cancer: a Southwest Oncology Group trial. J Clin Oncol 
19:3210–3218

	13.	 Ando M, Saka H, Ando Y, Minami H, Kuzuya T, Yamamoto M, 
Watanabe A, Sakai S, Shimokata K, Hasegawa Y (2005) Sequence 
effect of docetaxel and carboplatin on toxicity, tumor response 
and pharmacokinetics in non-small-cell lung cancer patients: a 
phase I study of two sequences. Cancer Chemother Pharmacol 
55:552–558

	14.	 Rowinsky EK, Gilbert MR, McGuire WP, Noe DA, Grochow LB, 
Forastiere AA, Ettinger DS, Lubejko BG, Clark B, Sartorius SE 
(1991) Sequences of taxol and cisplatin: a phase I and pharmaco-
logic study. J Clin Oncol 9:1692–1703

	15.	 Goel S, Mita AC, Mita M, Rowinsky EK, Chu QS, Wong N, 
Desjardins C, Fang F, Jansen M, Shuster DE, Mani S, Takimoto 
CH (2009) A phase I study of eribulin mesylate (E7389), a mecha-
nistically novel inhibitor of microtubule dynamics, in patients with 
advanced solid malignancies. Clin Cancer Res 15:4207–4212

	16.	 Oguri S, Sakakibara T, Mase H, Shimizu T, Ishikawa K, Kimura 
K, Smyth RD (1988) Clinical pharmacokinetics of carboplatin. J 
Clin Pharmacol 28:208–215

	17.	 de Bono JS, Molife LR, Sonpavde G, Maroto JP, Calvo E, Cart-
wright TH, Loesch DM, Feit K, Das A, Zang EA, Wanders J, 
Agoulnik S, Petrylak DP (2012) Phase II study of eribulin 
mesylate (E7389) in patients with metastatic castration-resistant 
prostate cancer stratified by prior taxane therapy. Ann Oncol 
23:1241–1249

	18.	 Stein MN, Chen Y, Hudes GR, Carducci MA, Tan W, DiPaola RS 
(2010) ECOG 5805: a phase II study of eribulin mesylate (E7389) 
in patients (pts) with metastatic castration-resistant prostate cancer 
(CRPC) [abstract]. J Clin Oncol 28(Suppl 15):4556

	19.	 Sella A, Yarom N, Zisman A, Kovel S (2009) Paclitaxel, estra-
mustine and carboplatin combination chemotherapy after initial 
docetaxel-based chemotherapy in castration-resistant prostate 
cancer. Oncology 76:442–446

	20.	 Sternberg CN, Petrylak DP, Sartor O, Witjes JA, Demkow T, Fer-
rero JM, Eymard JC, Falcon S, Calabro F, James N, Bodrogi I, 
Harper P, Wirth M, Berry W, Petrone ME, McKearn TJ, Noursalehi 
M, George M, Rozencweig M (2009) Multinational, double-blind, 
phase III study of prednisone and either satraplatin or placebo in 
patients with castrate-refractory prostate cancer progressing after 
prior chemotherapy: the SPARC trial. J Clin Oncol 27:5431–5438

	21.	 Nakabayashi M, Sartor O, Jacobus S, Regan MM, McKearn D, 
Ross RW, Kantoff PW, Taplin ME, Oh WK (2008) Response to 
docetaxel/carboplatin-based chemotherapy as first- and second-
line therapy in patients with metastatic hormone-refractory pros-
tate cancer. BJU Int 101:308–312

	22.	 Cabrespine A, Guy L, Khenifar E, Curé H, Fleury J, Penault-
Llorca F, Kwiatkowski F, Barthomeuf C, Chollet P, Bay JO (2006) 
Randomized phase II study comparing paclitaxel and carboplatin 
versus mitoxantrone in patients with hormone-refractory prostate 
cancer. Urology 67:354–359

	23.	 Ross RW, Beer TM, Jacobus S, Bubley GJ, Taplin ME, Ryan CW, 
Huang J, Oh WK, Prostate Cancer Clinical Trials Consortium 
(2008) A phase 2 study of carboplatin plus docetaxel in men with 
metastatic hormone-refractory prostate cancer who are refractory 
to docetaxel. Cancer 112:521–526

	24.	 Cortes J, O’Shaughnessy J, Loesch D, Blum JL, Vahdat LT, Petra-
kova K, Chollet P, Manikas A, Diéras V, Delozier T, Vladimirov 
V, Cardoso F, Koh H, Bougnoux P, Dutcus CE, Seegobin S, Mir 
D, Meneses N, Wanders J, Twelves C, EMBRACE investigators 
(2011) Eribulin monotherapy versus treatment of physician’s 
choice in patients with metastatic breast cancer (EMBRACE): a 
phase 3 open-label randomised study. Lancet 377:914–923

	25.	 Goel R, Lheureux S, Laurie SA, Halford RA, Jonker D, Chen 
EX, Keller D, Bourada V, Wang L, Doyle LA, Siu LL, Oza AM 
(2014) A phase I study of eribulin and gemcitabine in patients 
with advanced solid tumours. A study of the Princess Marga-
ret Phase II Consortium. Ann Oncol 25(Suppl 4):IV156–IV157. 
Abstract 470P

	26.	 Waller CF, Vynnychenko I, Bondarenko I, Shparyk Y, Hodge JP, 
Freeman A, Huber B, Lieberman R, Shelton MJ, Dave H (2015) 
An open-label, multicenter, randomized phase Ib/II study of 
eribulin mesylate administered in combination with pemetrexed 
versus pemetrexed alone as second-line therapy in patients with 
advanced nonsquamous non-small-cell lung cancer. Clin Lung 
Cancer 16:92–99

	27.	 Herbst RS, Baas P, Kim DW, Felip E, Perez-Gracia JL, Han JY, 
Molina J, Kim JH, Arvis CD, Ahn MJ, Majem M, Fidler MJ, de 
Castro G Jr, Garrido M, Lubiniecki GM, Shentu Y, Im E, Dolled-
Filhart M, Garon EB (2016) Pembrolizumab versus docetaxel for 
previously treated, PD-L1-positive, advanced non-small-cell lung 
cancer (KEYNOTE-010): a randomised controlled trial. Lancet 
387:1540–1550

	28.	 Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, 
Chow LQ, Vokes EE, Felip E, Holgado E, Barlesi F, Kohlhäufl 
M, Arrieta O, Burgio MA, Fayette J, Lena H, Poddubskaya E, 
Gerber DE, Gettinger SN, Rudin CM, Rizvi N, Crinò L, Blu-
menschein GR Jr, Antonia SJ, Dorange C, Harbison CT, Graf 
Finckenstein F, Brahmer JR (2015) Nivolumab versus docetaxel 
in advanced nonsquamous non-small-cell lung cancer. N Engl J 
Med 373:1627–1639

https://doi.org/10.1002/14651858.CD009256.pub2


578	 Cancer Chemotherapy and Pharmacology (2019) 84:567–578

1 3

	29.	 Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von 
Pawel J, Gadgeel SM, Hida T, Kowalski DM, Dols MC, Corti-
novis DL, Leach J, Polikoff J, Barrios C, Kabbinavar F, Frontera 
OA, De Marinis F, Turna H, Lee JS, Ballinger M, Kowanetz M, 
He P, Chen DS, Sandler A, Gandara DR, Group OAKS (2017) 
Atezolizumab versus docetaxel in patients with previously treated 

non-small-cell lung cancer (OAK): a phase 3, open-label, multi-
centre randomised controlled trial. Lancet 389:255–265

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	A phase 1b, multicenter, open-label, dose-finding study of eribulin in combination with carboplatin in advanced solid tumors and non-small cell lung cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patient selection
	Study design
	Study objectives
	Study assessments
	Pharmacokinetic analyses
	Statistical analyses

	Results
	Maximum tolerated dose, dose-limiting toxicities, and preferred schedule
	Pharmacokinetics
	Antitumor activity
	Safety

	Discussion
	Acknowledgements 
	References




