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Abstract
We enrolled 121 patients for the randomized phase II study, investigating whether eribulin induces less neuropathy than paclitaxel in neoadjuvant treatment of early breast cancer. Eribulin resulted in less frequent and less
severe peripheral neuropathy than paclitaxel. While eribulin was not more effective than weekly paclitaxel, and
it conferred more frequent and more severe hematological AEs than paclitaxel.
Objective: Neoadjuvant chemotherapy (NAC) is essential for surgical downstaging of early-stage breast cancer,
but taxane administration is associated with neuropathy. We investigated whether eribulin induces less neuropathy
than paclitaxel. Methods: In this multicentre, randomised study (UMIN000012817), patients diagnosed with invasive
breast cancer between December 2013 and April 2016 were randomly assigned to group E (eribulin followed by
ﬂuorouracil, epirubicin, and cyclophosphamide; FEC) or group P (paclitaxel followed by FEC). The primary endpoint was
incidence of grade 1 or higher peripheral neuropathy according to the Common Terminology Criteria for Adverse Events
(CTCAE). Secondary endpoints were pathological complete response (pCR), clinical response, breast-conserving
surgery, adverse events, disease-free survival (DFS), and patient neurotoxicity questionnaire (PNQ) analysis. Results:
One hundred and eighteen cases were analyzed for safety and 115 were evaluated for efﬁcacy. Peripheral sensory
neuropathy was signiﬁcantly lower in group E after week 6, while peripheral motor neuropathy in group E was signiﬁcantly lower at weeks 9, 12, and 15. pCR in groups E and P was 20.7% and 29.8% (P = .289), respectively, and clinical
response was 55.2% and 77.2% (P = .017), respectively. Three-year DFS was 89.7% in group E and 86.0% in group
P (P = .561). Neutropenia was more frequent and more severe in group E. PNQ was evaluated for 4 years, and item 1
(sensory) was consistently lower in group E. Conclusion: Neuropathy was signiﬁcantly less frequent and less severe
in patients who received eribulin compared with paclitaxel. Thus, eribulin could be a good alternative to paclitaxel in
patients suffering severe neuropathy.
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Neoadjuvant chemotherapy (NAC) is actively administered to
breast cancer patients, partly because response to NAC is a valuable
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indicator of the requirement for additional treatment.1 , 2 According to the Japanese Breast Cancer Registry, which is based on the
National Clinical Database, 10% of 90,232 Japanese breast cancer
patients without distant metastasis received NAC in 2017.3
The choice of chemotherapy regimen is dependent on the clinical status of the patient and their tumor subtype. NAC agents with
proven efficacy include anthracyclines and taxanes such as paclitaxel,
but they are associated with several side effects including neuropathy. Chemotherapy-induced peripheral neuropathy is a severe and
dose-limiting adverse effect of neurotoxic chemotherapeutic agents
and can lead to discontinuation of treatment in serious cases.4 Paclitaxel targets microtubules, which are involved in neuronal function,
and thus induces peripheral neuropathy in approximately 60-70%
of patients administered paclitaxel for cancer treatment.5 , 6 Eribulin, a non-taxane microtubule dynamics inhibitor, was reported as
having unique effects of vascular remodelling7 , 8 and suppression of
epithelial–mesenchymal transition9 and has shown improved overall
survival in metastatic breast cancer patients and less frequent peripheral neuropathy.10 , 11 However, there are limited reports about the
efficacy of eribulin for early breast cancer. In the HOPE study,
promising antitumour activity of eribulin as NAC was observed in
patients with triple-negative breast cancer who had received paclitaxel and doxorubicin.12 The clinical benefit of eribulin-based treatment as NAC in triple-negative breast cancer was further compared
with that of paclitaxel in another phase II study, demonstrating pCR
rates of 65% and 45%, respectively.13
To our knowledge, only 2 randomized trials compared eribulin with paclitaxel as NAC,14 , 15 and eribulin was not as effective as paclitaxel. However, these trials did not focus on neuropathy, a possible advantage of eribulin. We performed a NAC study
to determine if sequential administration of eribulin followed by
anthracycline induced less peripheral sensory and motor neuropathy than paclitaxel followed by anthracycline and compared patientreported neuropathy outcomes for more than 4 years. Our findings
will enable clinicians to select alternative treatment strategies for
early-stage breast cancer patients suffering from paclitaxel-induced
neuropathy.

Materials and Methods
Study Design
This randomized, prospective, unblinded phase II study was
conducted by Japan Organization Neoadjuvant Innovative Experts
(JONIE), which was established to perform clinical trials and
improve breast cancer treatment. This study compared eribulin with
paclitaxel for 12 weeks, followed by 4 cycles of fluorouracil, epirubicin, and cyclophosphamide (FEC). Registration was from December 3, 2013 to April 13, 2016, and the study was performed from
December 25, 2013 to December 31, 2020. Patients were randomly
assigned to receive eribulin (group E) or paclitaxel (group P) as the
first agent by computer random-based allocation, and the registration number was sent from the data center. The allocated treatment
was not concealed from the physicians or the patients. Patients who
received any other treatment were removed from the study. HER2+
patients were administered trastuzumab. Stratification factors were
estrogen receptor (ER), HER2, and menopausal status, and they
were centralized at the data center (Department of Medical Infor-
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matics of Niigata University Medical and Dental Hospital). HER
status was assessed in accordance with the 2013 American Society
of Clinical Oncology and/or College of American Pathologists clinical practice guidelines,16 while hormone receptor status was determined by the presence of 1% or more estrogen receptor-positive
cells. The study protocol (UMIN000012817) was approved by the
institutional review board of Tokyo Medical University on December 25, 2013 (approval number: SH2588) and subsequently by all
participating institutions. Written informed consent was obtained
from all participants prior to study inclusion.

Patient Eligibility
The inclusion criteria of this study were: stage II–IIIb hormone
receptor-positive and HER2-negative breast cancer and stage Ic–IIIb
triple-negative or HER2-positive breast cancer; Eastern Cooperative
Oncology Group performance status of 0–1; aged over 20 years;
and diagnosed with invasive breast cancer via core-needle biopsy
before treatment. Exclusion criteria were: pregnancy; breastfeeding;
or bilateral breast cancer (synchronous or asynchronous).

Treatment
Patients received either 4 cycles of eribulin 1.4 mg/m2 on days 1
and 8 of a 21-day cycle (group E) or weekly paclitaxel 80 mg/m2
for 12 weeks (group P), followed by 4 cycles of FEC (fluorouracil
500 mg/m2 , epirubicin 100 mg/m2 , and cyclophosphamide 500
mg/m2 ) every 21 days, and crossover was not permitted. Treatment
was discontinued if progressive disease or unacceptable toxicity was
noted. Dose reductions (P from 80 to 70 mg/m2 and E from 1.4
to 1.1 mg/m2 ) were permitted according to the grade of toxicity.
Prophylactic granulocyte colony-stimulating factor was permitted
depending on the grade of neutropenia. Patients were withdrawn
from the study if they had Grade 4 non-hematological toxicity,
progression while undergoing chemotherapy, or a treatment delay
of 16 days due to toxicity.
Surgery was planned after completion of the stratified treatment and evaluation of the tumor. Mastectomy or breast-conserving
surgery (BCS) and axillary staging was performed at the discretion
of the surgeon and patient. Postoperative radiation and adjuvant
therapy was administered according to the attending physician’s
judgement or patient preference. The stopping criteria were as
follows: 1) clear clinical exacerbation of breast cancer after the
start of treatment and the efficacy is determined to be progressive
disease (PD); 2) protocol treatment cannot be continued due to
adverse events (AEs) ((i) grade 4 non-hematological toxicity; (ii)
start of the next course of chemotherapy is delayed for 3 weeks or
more due to an AE; (iii) the provisions for discontinuing protocol
treatment in the Treatment Change Criteria are met; (iv) an allergic reaction/hypersensitivity of grade 3 or higher develops during
weekly paclitaxel); 3) the patient withdraws consent or wishes to
discontinue the study; 4) the patient is found to be ineligible after
the start of treatment; and 5) the investigator determines that it is
difficult to continue the protocol treatment.

Assessment of safety
AEs were assessed before treatment with eribulin or paclitaxel and
FEC on the day of administration. AEs were graded according to
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I have severe weakness in my arms or legs. It completely prevents me from doing most activities.
I have severe tingling, pain or numbness in my hands or feet. It completely prevents me from doing most activities.

I have moderate to severe tingling, pain or numbness in my hands or feet. This interferes with my activities of daily living. I have moderate to severe weakness in my arms or legs. This interferes with my activities of daily living.

5

4

I have mild weakness in my arms or legs. This does not interfere with my activities.

I have moderate weakness in my arms or legs. This does not interfere of my activities of daily living.

I have mild tingling, pain or numbness in my hands or feet. This does not interfere with my activities.

Item 1 (sensory)

I have no numbness, pain, or tingling in my hands or feet.

Score

The planned sample size was 230 cases based on the assumptions
that the proportion of grade 1 or higher neuropathy in group P
would be 30% and that of group E would reduce the proportion
to 50%. Thus, we estimated that 105 patients would be required to
detect this difference with a power of 80% and a 2 sided α of 0.05.
According to an estimated dropout rate of approximately 10%, the
target enrolment was set at 230 patients (115 per group).
Patients who received the protocol treatment (4 cycles of eribulin
(E) or weekly paclitaxel 12 times (P), followed by 4 cycles) were
included in the efficacy analysis. Those who received at least 1 dose
of either regimen were included in the safety analysis.
For the primary endpoint, PSN and PMN rates were compared
between the groups using Fisher’s exact test. The secondary
endpoints of clinical response rates and BCS rates were compared
between the groups using the Fisher’s exact test. PSN, PMN,
and PNQ were also compared using Fisher’s exact test. DFS was
estimated using the Kaplan–Meier method and was compared
between the groups using the log-rank test when the sample size
was considered sufficient.

Table 1

Statistical analysis

Patient Neurotoxicity Questionnaire (PNQ) Score Test.

The primary endpoint was the incidence of grade 1 or
higher peripheral sensory neuropathy (PSN) and peripheral motor
neuropathy (PMN) according to CTCAE. This was evaluated every
3 weeks for a total of 8 times during the treatment prior to surgery.
Secondary endpoints were pCR, clinical response (CR+PR), BCS,
AEs, PNQ, and disease-free survival (DFS).

1

Endpoints

I have moderate tingling, pain or numbness in my hands or feet. This does not interfere with my activities of daily living.

Clinical response was radiologically assessed prior to surgery as
complete response (CR), partial response (PR), stable disease (SD),
and PD in accordance with the Response Evaluation Criteria in
Solid Tumors version 1.1.19
Pathological response was assessed post-surgery using
hematoxylin–eosin-stained tissue samples prepared from tissue
sections of primary tumors at each participating institution.
Pathological complete response (pCR) was defined as no invasive
residual tumor tissue in the breast. Non-invasive breast residual and
infiltrated lymph nodes were permitted, as used by the National
Surgical Adjuvant Breast and Bowel Project (ypT0/is ypN0/+).20

3

Assessment of efficacy

2

Item 2 (motor)

the National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE, version 4.0)17 and collected at the data
centre. The worst grade of each AE for every patient was counted
and reported.
In addition to CTCAE, subjective symptoms were assessed using
the Japanese version of the Patient Neuropathy Questionnaire
(PNQ),18 a validated patient-reported questionnaire on neuropathy. The scoring definitions of PNQ are detailed in Table 1; patients
subjectively responded to each item, and the mean scores of PNQ
were calculated by averaging the collected data. PNQ was collected
not only from baseline, during the intended chemotherapy, and after
the administration of FEC, but also at 6 months and at 1, 2, 3, and
4 years after surgery.

I have no weakness in my arms or legs.
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Table 2

Neuropathy

Baseline Characteristics.
Group E
(n = 60)

Age (years)

Group P
(n = 58)

Median

53.5

53

Minimum, maximum

28, 69

27, 67

0

59 (98.3%)

58 (100%)

1

0 (0%)

0 (0.0%)

NA

1 (1.7%)

0 (0.0%)

Pre

29 (48.3%)

27 (46.6%)

Post

31 (51.7%)

31 (53.4%)

T1

7 (11.6%)

7 (12.0%)

T2

45(75.0%)

38 (65.5%)

ECOG PS

Menopausal status
Clinical T stage

Nodal status (clinical)

Histological type

Histological grade

Oestrogen receptor
HER2 status

Incidences of PSN and PMN according to CTCAE ver.4.0. are
shown in Table 5 and 6, respectively. PSN was consistently lower in
group E than in group P after week 6, while PMN in group E was
significantly lower at weeks 9, 12, and 15 (Figure 2).
PNQ item 1 (sensory) and item 2 (motor) grades for the scheduled times are shown in Figures 3 and 4, respectively. PNQ item 1
(sensory) was consistently lower in group E after week 7, while item
2 (motor) in group E was consistently lower, although not significant (Figures 3 and 4). These findings indicate that the incidence
and severity of peripheral neuropathy was significantly lower in
patients who received eribulin compared with those who received
paclitaxel.

T3

2 (3.3%)

5 (8.6%)

T4

6 (10.0%)

8 (13.7%)

Pathological complete response

Negative

22 (36.7%)

28 (48.3%)

Positive

35 (58.3%)

29 (50.0%)

pCR rates were 20.7% in group E and 29.8% in group P,
and there was no significant difference between them (P = .289;
Table 3). There were no cases of pCR in the breast but with residual
cancer in the lymph nodes.
The overall clinical response rate was significantly lower in group
E (55.2%; CR, 6.9% and PR, 48.3%) than in group P (77.2%; CR,
8.8% and PR, 68.4%; P = .017; Table 3). The rates of BCS were
56.9% in group E and 52.6% in group P (P = .710; Table 3). Thus,
paclitaxel demonstrated better pCR and clinical response rates than
eribulin, but BCS rates were better in patients who received eribulin.

NA

3 (5.0%)

1 (1.7%)

Ductal

56 (93.3%)

53 (91.3%)

Lobular

1 (1.7%)

1 (1.7%)

Other

1 (1.7%)

0 (0.0%)

NA

2 (3.3%)

4 (6.9%)

1

4 (6.7%)

4 (6.9%)

2

46 (76.7%)

38 (65.5%)

3

10 (16.7%)

16 (27.6%)

Positive

37 (61.7%)

38 (65.5%)

Negative

23 (38.3%)

20 (34.5%)

Safety

Positive

20 (33.3%)

20 (34.5%)

Negative

40 (66.7%)

38 (65.5%)

AEs are summarized in Table 4. Four (6.7%) patients in group
E had febrile neutropenia, which was not experienced by patients
in group P, although this was not significantly different. Moreover,
neutropenia and leukocytopenia over grade 3 were significantly
more frequent in group E. However, rash, nail disorder, and allergic reaction were significantly more frequent in group P.
The median relative dose intensity (RDI) for eribulin in group
E was 98.9% (25.0%-102.8%) and for paclitaxel in group P was
99.2% (12.5%-100.2%); the RDI for epirubicin was 94.5% (0%100.0%) in group E and 95.4% (0%-130.6%) in group P. The
number of patients with an RDI of 85% or more was 49 (81.7%) for
eribulin and 48 (80.0%) for epirubicin in group E, and 53 (91.4%)
for paclitaxel and 48 (82.8%) for epirubicin in group P. Thus, while
RDI was similar between the 2 groups, the incidence of grade 3 or
higher neutropenia and leukocytopenia was significantly higher in
patients who received eribulin.

ECOG PS = Eastern Cooperative Oncology Group performance status; NA = not available.

All analyses were performed using IBM SPSS Statistics Version 26
(IBM Corp., Armonk, NY, USA). A P value of < .05 was considered
significant.

Results
Patient characteristics
One hundred and twenty-one participants were recruited from
10 participating institutions and registered between December 2013
and April 2016. Patients were randomized to group E (n = 60) and
group P (n = 61) (Table 2). Three patients in group P were excluded
before the protocol treatment. Two patients withdrew consent, and
1 could not start the protocol by the scheduled date because they
were undergoing treatment for subclavian vein thrombus associated
with central venous access port placement. Thus, safety was analyzed
in 60 patients from group E and 58 from group P. Efficacy could
not be evaluated in 3 patients. One patient in group E discontinued treatment because of a grade 3 allergic reaction to the initial
treatment, 1 in group E refused surgery, and 1 in group P dropped
out of the study because she required treatment for deterioration
of diabetes during chemotherapy and could not undergo the protocol treatment. Overall, 115 patients (58 from group E and 57 from
group P) completed the treatment and were evaluated for efficacy
(Figure 1).
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Disease-free survival
Median follow-up of group E and group P was 54.2 and 51.4
months, respectively, and there was no significant difference between
group E and group P (P = .561, Figure 5). Thus, no greater survival
benefits were observed between eribulin and paclitaxel.

Discussion
NAC is 1 of the preferred treatment strategies for early breast
cancer because it has various advantages including improved breast
conservation and enhanced assessment of tumor response. However,
several side effects are associated with neoadjuvant agents such as
paclitaxel. We conducted this prospectively registered multicenter
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Figure 1

CONSORT diagram.

Figure 2

Incidences of grade 1 or higher peripheral sensory neuropathy (A) and peripheral motor neuropathy (B) according to
CTCAE ver.4.0.
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Clinicopathological Effects and Type of Surgery.
Group E (n = 58)

Group P (n = 57)

n (%)

n (%)

Clinical effect
CR

4 (6.9%)

5 (8.8%)

PR

28 (48.3%)

39 (68.4%)

RR (CR+PR)

32 (55.2%)

44 (77.2%)

SD

20 (34.5%)

8 (14.0%)

PD

4 (6.9%)

4 (7.0%)

NE

2 (3.4%)

1 (1.8%)

P value

0.017

Pathological effect
pCR

12 (20.7%)

17 (29.8%)

0.61 (0.26–144)

1.0

BCS

33 (56.9%)

30 (52.6%)

Mastectomy

25 (43.1%)

27 (47.4%)

OR (95% CI)

0.289

Type of surgery
0.710

Signiﬁcant associations are marked in bold.
BCS = breast-conserving surgery; CI = conﬁdence interval; CR = complete response; NE = not evaluable; OR = overall response; pCR = pathological complete response; PD = progressive
disease; PR = partial response; RR = response rate; SD = stable disease.

Table 4

Adverse Events.

Adverse event

Group E (n = 60)
Total
Grade 3 or 4
n (%)
n (%)

Group P (n = 58)
Total
Grade 3 or 4
n (%)
n (%)

P value (Total)

P value (Grade 3 or 4)

All adverse events

60 (100%)

16 (26.7%)

58 (100%)

2 (3.4%)

1.000

<0.001

Peripheral sensory neuropathy

40 (66.7%)

0 (0.0%)

54 (93.1%)

3 (5.2%)

<0.001

0.116

Peripheral motor neuropathy

16 (26.7%)

0 (0.0%)

28 (48.3%)

0 (0.0%)

0.022

1.000

Leukopenia

14 (23.3%)

6 (10.0%)

9 (15.5%)

0 (0.0%)

0.355

0.028

Neutropenia

20 (33.3%)

15 (25.0%)

14 (24.1%)

1 (1.7%)

0.313

<0.001

Febrile neutropenia

4 (6.7%)

4 (6.7%)

0 (0.0%)

0 (0.0%)

0.119

0.119

Alopecia

55 (91.7%)

0 (0.0%)

56 (96.6%)

0 (0.0%)

0.439

1.000

Nausea

18 (30.0%)

0 (0.0%)

15 (25.9%)

0 (0.0%)

0.684

1.000

Vomiting

2 (3.3%)

0 (0.0%)

5 (8.6%)

0 (0.0%)

0.268

1.000

Constipation

18 (30.0%)

1 (1.7%)

20 (34.5%)

0 (0.0%)

0.695

1.000

Diarrhoea

7 (11.7%)

0 (0.0%)

10 (17.2%)

0 (0.0%)

0.440

1.000

Increased ALT

4 (6.7%)

0 (0.0%)

1 (1.7%)

0 (0.0%)

0.365

1.000

Increased AST

4 (6.7%)

0 (0.0%)

2 (3.5%)

0 (0.0%)

0.680

1.000

Stomatitis

11 (18.3%)

0 (0.0%)

13 (22.4%)

0 (0.0%)

0.651

1.000

Dysgeusia

9 (15.0%)

0 (0.0%)

8 (13.8%)

0 (0.0%)

1.000

1.000

Decreased appetite

16 (26.7%)

0 (0.0%)

13 (22.4%)

0 (0.0%)

0.671

1.000

Fatigue

30 (50.0%)

0 (0.0%)

33 (56.9%)

0 (0.0%)

0.467

1.000

Hand-foot syndrome

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

1.000

1.000

Nail disorder

3 (5.0%)

0 (0.0%)

11 (19.0%)

0 (0.0%)

0.023

1.000

Rash

6 (10.0%)

0 (0.0%)

21 (36.2%)

0 (0.0%)

<0.001

1.000

Pigmentation

0 (0.0%)

0 (0.0%)

1 (1.7%)

0 (0.0%)

0.492

1.000

Pyrexia

8 (13.3%)

0 (0.0%)

4 (6.9%)

0 (0.0%)

0.363

1.000

Arthralgia

6 (10.0%)

0 (0.0%)

10 (17.2%)

0 (0.0%)

0.291

1.000

Headache

7 (11.7%)

0 (0.0%)

11 (19.0%)

0 (0.0%)

0.313

1.000

Oedema

4 (6.7%)

0 (0.0%)

7 (12.1%)

0 (0.0%)

0.358

1.000

Allergic reaction

2 (3.3%)

1 (1.7%)

9 (15.5%)

0 (0.0%)

0.028

1.000

Hepatic failure

0 (0.0%)

0 (0.0%)

1 (1.7%)

1 (1.7%)

0.492

0.492

Signiﬁcant associations are marked in bold.
ALT = alanine aminotransferase; AST = aspartate transaminase.
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Figure 3

Mean scores (line graph) of PNQ item 1 (sensory) and number of cases with a score of 4 or 5 (bar graph). Error bars
indicate standard deviation.

Figure 4

Mean scores (line graph) of PNQ item 2 (motor) and number of cases with a score of 4 or 5 (bar graph). Error bars
indicate standard deviation.

study with patient-relevant outcomes to explore whether eribulin
followed by an anthracycline confers fewer side effects than paclitaxel, with emphasis on grade 1 or higher peripheral neuropathy. To
our knowledge, this is the first prospective randomized controlled
trial comparing eribulin and paclitaxel focusing on neuropathy. A
significant difference in PSN was observed between eribulin and
paclitaxel. However, the trial review committee of the JONIE group

halted this trial because a similar study at MD Anderson had closed
early due to lower pCR rates that crossed a futility stopping boundary in the eribulin group.21 pCR rates in the current study indicated
that the efficacy of eribulin was lower than that of paclitaxel, affecting prognosis.
Neuropathy should be evaluated if taxane is administered as the
control because neuropathy accompanying taxanes causes severe
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Table 5
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Incidence of Peripheral Sensory Neuropathy.

Cycle

After 1st cycle of eribulin

Group E (n = 60)
n (%)
G1
G2
G3
18 (30.0%)

or 3rd cycle paclitaxel

17 (28.3%)

Group P (n = 58)
n (%)
G1
G2
G3
21 (36.2%)

1 (1.7%)

19 (32.8%)

P value∗

0.558

2 (3.4%)

0 (0.0%)
0 (0.0%)
After 2nd cycle of eribulin

21 (35.0%)

or 6th cycle paclitaxel

20 (33.3%)

38 (65.5%)

1 (1.7%)

31 (53.4%)

0.002

7 (12.1%)

0 (0.0%)
0 (0.0%)
After 3rd cycle of eribulin

25 (41.7%)

or 9th cycle paclitaxel

24 (40.0%)

49 (84.5%)

1 (1.7%)

30 (51.7%)

<0.001

17 (29.3%)

0 (0.0%)
2 (3.4%)
After 4th cycle of eribulin

31 (51.7%)

26 (43.3%)

52 (89.7%)

or 12th cycle paclitaxel

23 (39.7%)

<0.001

29 (50.0%)
5 (8.3%)
0 (0.0%)

After FEC 1

25 (41.7%)

22 (36.7%)

0 (0.0%)
50 (86.2%)

3 (5.0%)

24 (41.4%)

<0.001

26 (44.8%)

0 (0.0%)
0 (0.0%)
After FEC 2

23 (38.3%)

21 (35.0%)

47 (81.0%)

2 (3.3%)

22 (37.9%)

<0.001

25 (43.1%)

0 (0.0%)
0 (0.0%)
After FEC 3

24 (40.0%)

23 (38.3%)

46 (79.3%)

1 (1.7%)
21 (35.0%)

20 (33.3%)
1 (1.7%)

<0.001

21 (36.2%)

0 (0.0%)
After FEC 4

24 (41.4%)
1 (1.7%)

46 (79.3%)

27 (46.6%)

<0.001

18 (31.0%)

0 (0.0%)
1 (1.7%)
Signiﬁcant associations are marked in bold.
FEC = ﬂuorouracil, epirubicin, and cyclophosphamide; G1 = grade 1; G2 = grade 2; G3 = grade 3.

long-term damage to quality of life, and there is currently no
effective standard therapy.22 , 23 Thus, it is important to alleviate
neuropathy from adjuvant chemotherapy, which occurs in certain
patients, most of whom are survivors. Neuropathy was evaluated as
1 of several AEs in 2 previous trials, but to our knowledge there
have been no prospective randomized controlled trials comparing
neuropathy caused by eribulin with that of paclitaxel.14 , 15
In this study, the frequency and severity of neuropathy were
significantly better in group E than group P. PNQ was evaluated for
4 years, and PSN was significantly better in group E. Some patients
suffered from severe neuropathy (PNQ score 4 or 5; interfering with
activities of daily living) in group P, which continued for several
years, consistent with previous reports.24 It remains unclear as to
why some patients have long-term severe neuropathy in perioperative chemotherapy, but a previous report indicated that neuropa-
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thy induced by paclitaxel in Japanese breast cancer patients was
associated with older age and a polymorphism in the ABCB1 transporter.25 Therefore, paclitaxel alternatives should be considered, of
which eribulin could be a candidate.
Our study showed a significant difference in the response
rate on imaging but no significant difference in pCR between
patients who received paclitaxel or eribulin (29.8% and 20.7%,
respectively; P = .289). This contrasts with the findings of the
MD Anderson trial,21 in which pCR was 27% in the paclitaxel
group and 5% in the eribulin group. These differences may be
because of the low number of cases receiving eribulin in the MD
Anderson trial.21 Another study comparing eribulin with paclitaxel
in combination with anthracycline was performed by the National
Surgical Adjuvant Breast and Bowel Project (NSABP).26 Although
the prognosis was not reported, they also revealed a lower pCR
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Table 6

Incidence of Peripheral Motor Neuropathy.
Group E (n = 60)
n (%)
G1
G2

Cycle
After 1st cycle of eribulin

13 (21.7%)

or 3rd cycle paclitaxel
After 2nd cycle of eribulin

12 (20.0%)
12 (20.0%)

15 (25.9%)

12 (20.0%)

15 (25.0%)

15 (25.0%)

24 (41.4%)

13 (21.7%)

26 (44.8%)

12 (20.0%)

12 (20.0%)

25 (43.1%)

12 (20.0%)

12 (20.0%)

21 (36.2%)

12 (20.0%)

12 (20.0%)
0 (0.0%)

0.016

21 (36.2%)

0.033

21 (36.2%)

0.018

17 (29.3%)

0.065

4 (6.9%)
19 (32.8%)

0 (0.0%)
After FEC 4

21 (36.2%)

4 (6.9%)

0 (0.0%)
After FEC 3

0.514

5 (8.6%)

0 (0.0%)
After FEC 2

15 (25.9%)

3 (5.2%)

0 (0.0%)
13 (21.7%)

0.820

0 (0.0%)

0 (0.0%)

or 12th cycle paclitaxel
After FEC 1

12 (20.0%)

11 (19.0%)

P value∗

0 (0.0%)

0 (0.0%)

or 9th cycle paclitaxel
After 4th cycle of eribulin

11 (19.0%)

0 (0.0%)

or 6th cycle paclitaxel
After 3rd cycle of eribulin

13 (21.7%)

Group P (n = 58)
n (%)
G1
G2

15 (25.9%)

0.144

4 (6.9%)
19 (32.8%)

17 (29.3%)

0.144

2 (3.4%)

Signiﬁcant associations are marked in bold.
FEC = ﬂuorouracil, epirubicin, and cyclophosphamide; G1 = grade 1; G2 = grade 2.

Figure 5

Disease-free survival of each group.

rate of 17% for eribulin compared with 26% for paclitaxel (not
significant). Although there was no significant difference in the
pCR rate between eribulin and paclitaxel followed by anthracycline,
the efficacy for early breast cancer was commonly lower in the
eribulin arm in the 3 trials. Nonetheless, the differences between
the results of these previous studies and the current study are
marked. One explanation is that they were conducted in different
patient populations and the differences could be attributed to
pharmacoethnicity, but there is currently no reported evidence of

such differences for eribulin. Furthermore, while the US Food and
Drug Administration endorses pCR as a surrogate endpoint for
breast cancer to enable acceleration of drug approval, a systematic
review of pCR as a surrogate endpoint for DFS and overall survival
in randomised trials for neoadjuvant therapy of early breast cancer
questioned its reliability and suggested that it was not robust as a
primary endpoint.27 Hence, the use of pCR to assess efficacy may be
misleading, and a future study examining the effect of neoadjuvant
eribulin on other equivalent endpoints should be considered. Thus,
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caution should be exercised when comparing pCR rates between
studies.
Regarding prognosis, despite there being several more patients
with nodal metastases in group E at baseline, the Kaplan–Meier
curve was superior in group E in this study, although not significant. However, according to Lim et al., DFS and overall survival
was better for paclitaxel, but this was also not significant.15 Because
the prognostic data was not sufficient, further investigations are
necessary. Eribulin was reported to promote an antitumor immune
response,28 and thus it could contribute to inconsistencies in tumor
shrinkage and prognosis.
No significant differences between the 2 groups were reported by
Abraham et al. regarding other AEs.14 However, toxicity was greater
in the eribulin arm, especially neutropenia, according to Lim et al.15 .
Hematological toxicity was also more frequent and more severe in
group E than group P in this study, and several patients had febrile
neutropenia, which must be treated seriously. Nonetheless, eribulin
caused fewer allergic reactions, and thus may represent a treatment
option for patients who cannot tolerate paclitaxel.
There are several limitations of this study. The number of enrolled
patients did not reach the planned sample size, and thus the statistical interpretation of the data was limited. Furthermore, the trial was
stopped early, and hence the analyses of the prespecified endpoints
are underpowered. The evaluation of neuropathy is subjective and
thus has the potential to introduce bias, particularly because the
study was not blinded. In addition, eribulin induced more severe
hematological events than paclitaxel, and therefore the choice to
administer eribulin would need to be justified on a patient-bypatient basis in consideration of these effects. Furthermore, this
study, as well as the MD Anderson trial21 used FEC, which has been
administered less frequently in recent years because of NSABP B36.29 The patients of both groups underwent FEC; it is unlikely to
affect the outcome, but the effect cannot be completely ruled out.
FEC was used in this study; however, if eribulin was administered
instead of paclitaxel, epirubicin and cyclophosphamide (EC) or
doxorubicin and cyclophosphamide (AC) which provides comparable efficacy with FEC, would be applied. Nonetheless, a strength of
this study is that there were notable differences in the AEs between
eribulin and paclitaxel.
Since eribulin did not show higher efficacy, it is difficult to
reimburse insurance as a preoperative treatment as single administration; however, it may be useful in combination with immunooncology drugs30 and should be explored in the future.

[mNS;September 19, 2022;21:51]

Clinical Practice Points
•

•

•

•

Only 2 randomized phase II trials compared eribulin with paclitaxel as NAC, and eribulin was not as effective as paclitaxel.
However, these trials did not focus on neuropathy, a possible
advantage of eribulin. Paclitaxel is associated with severe neuropathy, leading to treatment discontinuation. Eribulin, like paclitaxel,
targets microtubules and has demonstrated improved survival of
metastatic breast cancer with less neuropathy. This study investigated whether eribulin induces less neuropathy than paclitaxel in
NAC for early breast cancer.
Eribulin treatment resulted in less frequent and less severe
neuropathy than paclitaxel. Peripheral sensory neuropathy and
peripheral motor neuropathy were significantly lower at week 6
and at weeks 9, 12, and 15, respectively, in patients who received
eribulin compared with those who received paclitaxel. Furthermore, 4 year PNQ evaluation revealed that peripheral sensory
neuropathy was lower in patients who received eribulin compared
with those who received paclitaxel. And eribulin accompanied
fewer allergic reactions, while it conferred more frequent and
more severe hematological AEs than paclitaxel.
Eribulin was not more effective than weekly paclitaxel. pCR rates
were 20.7% and 29.8% (P = .289) in patients who received
eribulin and paclitaxel, respectively, while clinical response was
55.2% and 77.2%, respectively (P = .017), and 3 year DFS was
similar between both groups, at 89.7% and 86.0%, respectively
(P = .561).
Eribulin could be an alternative for patients who cannot tolerate
paclitaxel because of neuropathy or allergic reactions. Nonetheless, the choice to administer eribulin would need to be justified
on a patient-by-patient basis in consideration of the possibility of
less effectiveness.

Author Contributions
D.M. designed this phase 2 trial. K.N., T.I., K.N., D.M., Y.H.,
A.T., J.H., M.H., M.M., T.K, M.S., N.K., and T.I. were the site
investigators who recruited patients, contributed to patient care,
and collected patient data. K.A. was the bioinformatician who
managed the data center and analyzed and summarized the acquired
data statistically. T.I. guided the initial drafting of the manuscript,
and K.N. drafted, refined, and edited the manuscript. T.I., D.M.,
and Y.H. reviewed the manuscript. All authors had full access
to the study data, contributed to the revision and approval of
the manuscript, and participated in the decision to submit the
manuscript for publication.

Conclusions
In conclusion, eribulin resulted in less frequent and less severe
peripheral neuropathy than paclitaxel. While eribulin was not more
effective than weekly paclitaxel, and it conferred more frequent
and more severe hematological AEs than paclitaxel, eribulin could
be an alternative to weekly paclitaxel in perioperative chemotherapy. Future studies should focus on analyzing a subgroup of earlystage breast cancer patients with neuropathy to assess non-inferiority
with regards to efficacy using alternative endpoints to pCR, and to
confirm the neuropathy outcome. A subgroup analysis of such a
study should also be conducted to determine if efficacy observations
are dependent on ethnic background.

10

Data Availability
The data underlying this study were collected and analyzed at
the Department of Medical Informatics, Niigata University Medical
and Dental Hospital, Niigata, Japan. Data will be shared on request
to the corresponding author with the permission of JONIE.

Ethics Approval
The study complied with the Declaration of Helsinki and
the Ethical Guidelines for Clinical Research of the Ministry
of Health, Labor, and Welfare of Japan. The study protocol
(UMIN000012817) was approved by the institutional review board

Clinical Breast Cancer 2022
Please cite this article as: Kazutaka Narui et al, A Randomized Controlled Phase 2 Study of Neoadjuvant Eribulin Versus Paclitaxel in Women with Operable
Breast Cancer: The JONIE-3 Study, Clinical Breast Cancer, https://doi.org/10.1016/j.clbc.2022.08.007

JID: CLBC

ARTICLE IN PRESS

[mNS;September 19, 2022;21:51]

Kazutaka Narui et al
of Tokyo Medical University on December 25, 2013 (approval
number: SH2588) and subsequently by all participating institutions.

Disclosure
The authors declare that they have no potential conflicts of interest.

Acknowledgments
We thank H. Nikki March, PhD, from Edanz (https://jp.edanz.
com/ac) for editing a draft of this manuscript. This study was selffunded by each facility. Data management, English proofreading,
and posting costs were supported in part by a grant from JONIE.

References
1. Masuda N, Lee SJ, Ohtani S, et al. Adjuvant capecitabine for breast cancer after
preoperative chemotherapy. N Engl J Med. 2017;376:2147–2159. doi:10.1056/
NEJMoa1612645.
2. von Minckwitz G, Huang CS, Mano MS, et al. Trastuzumab emtansine for residual
invasive HER2-positive breast cancer. N Engl J Med. 2019;380:617–628. doi:10.
1056/NEJMoa1814017.
3. Hayashi N, Kumamaru H, Isozumi U, et al. Annual report of the Japanese
Breast Cancer Registry for 2017. Breast Cancer. 2020;27:803–809. doi:10.1007/
s12282- 020- 01139- 3.
4. Speck RM, Sammel MD, Farrar JT, et al. Impact of chemotherapy-induced peripheral neuropathy on treatment delivery in nonmetastatic breast cancer. J Oncol Pract.
2013;9:e234–e240. doi:10.1200/JOP.2012.000863.
5. Mols F, Beijers T, Vreugdenhil G, van de Poll-Franse L. Chemotherapy-induced
peripheral neuropathy and its association with quality of life: A systematic review.
Support Care Cancer. 2014;22:2261–2269. doi:10.1007/s00520- 014- 2255- 7.
6. Seretny M, Currie GL, Sena ES, et al. Incidence, prevalence, and predictors
of chemotherapy-induced peripheral neuropathy: A systematic review and metaanalysis. Pain. 2014;155:2461–2470. doi:10.1016/j.pain.2014.09.020.
7. Dybdal-Hargreaves NF, Risinger AL, Mooberry SL. Eribulin mesylate: mechanism
of action of a unique microtubule-targeting agent. Clin Cancer Res. 2015;21:2445–
2452. doi:10.1158/1078- 0432.CCR- 14- 3252.
8. Ueda S, Saeki T, Takeuchi H, et al. In vivo imaging of eribulin-induced reoxygenation in advanced breast cancer patients: a comparison to bevacizumab. Br J Cancer.
2016;114:1212–1218. doi:10.1038/bjc.2016.122.
9. Yoshida T, Ozawa Y, Kimura T, et al. Eribulin mesilate suppresses experimental metastasis of breast cancer cells by reversing phenotype from epithelialmesenchymal transition (EMT) to mesenchymal-epithelial transition (MET)
states. Br J Cancer. 2014;110:1497–1505. doi:10.1038/bjc.2014.80.
10. Cortes J, O’Shaughnessy J, Loesch D, et al. Eribulin monotherapy versus treatment of physician’s choice in patients with metastatic breast cancer (EMBRACE):
A phase 3 open-label randomized study. Lancet. 2011;377:914–923. doi:10.1016/
s0140- 6736(11)60070- 6.
11. Tsurutani J, Sakata Y, Matsuoka T. Chemotherapy-induced peripheral neuropathy in breast cancer patients treated with eribulin: interim data from a postmarketing observational study. Breast Cancer. 2019;26:235–243. doi:10.1007/
s12282- 018- 0919- 8.
12. Di Cosimo S, La Verde N, Moretti A, et al. Neoadjuvant eribulin mesylate following anthracycline and taxane in triple negative breast cancer: Results from the
HOPE study. PLoS One. 2019;14. doi:10.1371/journal.pone.0220644.
13. Masuda N, Bando H, Yamanaka T, et al. Eribulin-based neoadjuvant chemotherapy for triple-negative breast cancer patients stratified by homologous recombination deficiency status: a multicenter randomized phase II clinical trial. Breast Cancer
Res Treat. 2021;188:117–131. doi:10.1007/s10549- 021- 06184- w.

14. Abraham J, Robidoux A, Tan AR, et al. Phase II randomized clinical trial evaluating
neoadjuvant chemotherapy regimens with weekly paclitaxel or eribulin followed
by doxorubicin and cyclophosphamide in women with locally advanced HER2negative breast cancer: NSABP Foundation Study FB-9. Breast Cancer Res Treat.
2015;152:399–405. doi:10.1007/s10549- 015- 3466- 4.
15. Lim B, Song J, Ibrahim NK, et al. A randomized phase II study of sequential eribulin versus paclitaxel followed by FAC/FEC as neoadjuvant therapy in
patients with operable HER2-negative breast cancer. Oncologist. 2021;26:e230–
e240. doi:10.1002/onco.13581.
16. Wolff AC, Hammond ME, Hicks DG, et al. Recommendations for human epidermal growth factor receptor 2 testing in breast cancer: American Society of Clinical
Oncology/College of American Pathologists clinical practice guideline update. J
Clin Oncol. 2013;31:3997–4013. doi:10.1200/JCO.2013.50.9984.
17. . National Cancer Institute Common Terminology Criteria for Adverse Events, version
4.0 (Japanese Clinical Oncology Group edition); 2022 Available at: http:// www.jcog.
jp/ doctor/ tool/ CTCAEv4J _20170310 _miekeshi.pdf JapaneseAccessed February 4.
18. Shimozuma K, Ohashi Y, Takeuchi A, et al. Feasibility and validity of the Patient
Neurotoxicity Questionnaire during taxane chemotherapy in a phase III randomized trial in patients with breast cancer: N-SAS BC 02. Support Care Cancer.
2009;17:1483–1491. doi:10.1007/s00520- 009- 0613- 7.
19. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in
solid tumors: revised RECIST guideline (version 1.1). Eur J Cancer. 2009;45:228–
247. doi:10.1016/j.ejca.2008.10.026.
20. Bear HD, Anderson S, Brown A, et al. The effect on tumor response of adding
sequential preoperative docetaxel to preoperative doxorubicin and cyclophosphamide: preliminary results from National Surgical Adjuvant Breast and Bowel
Project Protocol B-27. J Clin Oncol. 2003;21:4165–4174. doi:10.1200/JCO.2003.
12.005.
21. Lim B, Song J, Ibrahim NK, et al. A randomized phase II neoadjuvant (NACT)
study of sequential eribulin followed by FAC/FEC-regimen compared to sequential paclitaxel followed by FAC/FEC-regimen in patients (pts) with operable
breast cancer not overexpressing HER-2. Cancer Research. 2016;76. doi:10.1158/
1538- 7445.Sabcs15- P1- 14- 04.
22. da Costa R, Passos GF, Quintão NLM, et al. Taxane-induced neurotoxicity: Pathophysiology and therapeutic perspectives. Br J Pharmacol. 2020;177:3127–3146.
doi:10.1111/bph.15086.
23. De Iuliis F, Taglieri L, Salerno G, Lanza R, Scarpa S. Taxane induced neuropathy
in patients affected by breast cancer: Literature review. Crit Rev Oncol Hematol.
2015;96:34–45. doi:10.1016/j.critrevonc.2015.04.011.
24. Mustafa Ali M, Moeller M, Rybicki L, Moore HCF. Long-term peripheral neuropathy symptoms in breast cancer survivors. Breast Cancer Res Treat.
2017;166:519–526. doi:10.1007/s10549- 017- 4437- 8.
25. Tanabe Y, Shimizu C, Hamada A, et al. Paclitaxel-induced sensory peripheral
neuropathy is associated with an ABCB1 single nucleotide polymorphism and
older age in Japanese. Cancer Chemother Pharmacol. 2017;79:1179–1186. doi:10.
1007/s00280- 017- 3314- 9.
26. Abraham J, Robidoux A, Tan AR, et al. Phase II randomized clinical trial evaluating
neoadjuvant chemotherapy regimens with weekly paclitaxel or eribulin followed
by doxorubicin and cyclophosphamide in women with locally advanced HER2negative breast cancer: NSABP Foundation Study FB-9. Breast Cancer Res Treat.
2015;152:399–405. doi:10.1007/s10549- 015- 3466- 4.
27. Conforti F, Pala L, Sala I, et al. Evaluation of pathological complete response as
surrogate endpoint in neoadjuvant randomized clinical trials of early stage breast
cancer: systematic review and meta-analysis. BMJ. 2021;375 21doi:. doi:10.1136/
bmj- 2021- 066381.
28. Goto W, Kashiwagi S, Asano Y, et al. Eribulin promotes antitumor immune
responses in patients with locally advanced or metastatic breast cancer. Anticancer
Res. 2018;38:2929–2938. doi:10.21873/anticanres.12541.
29. Geyer CE, Bandos H, Rastogi P, et al. Definitive results of a phase III adjuvant
trial comparing six cycles of FEC-100 to four cycles of AC in women with operable node-negative breast cancer: the NSABP B-36 trial (NRG Oncology). Breast
Cancer Res Treat. 2022;193:555–564. doi:10.1007/s10549- 021- 06417- y.
30. Tolaney SM, Kalinsky K, Kaklamani VG, et al. Eribulin Plus Pembrolizumab
in Patients with Metastatic Triple-Negative Breast Cancer (ENHANCE 1): A
Phase Ib/II Study. Clin Cancer Res. 2021;27:3061–3068. doi:10.1158/1078-0432.
CCR- 20- 4726.

Clinical Breast Cancer 2022
Please cite this article as: Kazutaka Narui et al, A Randomized Controlled Phase 2 Study of Neoadjuvant Eribulin Versus Paclitaxel in Women with Operable
Breast Cancer: The JONIE-3 Study, Clinical Breast Cancer, https://doi.org/10.1016/j.clbc.2022.08.007

11

