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Simple Summary: 108/150 Peripheral neuropathy is a common side effect of microtubule-targeting 
chemotherapy agents used in the treatment of breast cancer, including eribulin. The final analysis 
of the IRENE study investigated the incidence and resolution of eribulin-induced peripheral 
neuropathy (EIPN) in adults with locally advanced or metastatic breast cancer that progressed after 
one to three prior chemotherapeutic regimens. The incidence and resolution rates of EIPN were 
comparable to those reported in previous trials. Eribulin did not appear to impact patient-reported 
quality of life. Hence, the results of the IRENE study provide further evidence for the use of eribulin 
as a preferred treatment for patients with pretreated advanced or metastatic breast cancer. 

Abstract: Eribulin is a preferred treatment for patients with advanced breast cancer (BC) following 
anthracyclines and taxanes. The final analysis of the IRENE study assessed the incidence and 
resolution of eribulin-induced peripheral neuropathy (EIPN), along with safety and quality of life 
(QoL), in patients with advanced/metastatic BC. IRENE was an observational, single-arm, 
prospective, multicenter, cohort study. Patients aged ≥18 years with locally advanced/metastatic BC 
that progressed after 1-3 prior chemotherapeutic regimens received eribulin and were monitored 
for new-onset or worsening EIPN. Secondary endpoints included time to disease progression, 
safety, and health-related QoL. 108 (32.2%) Of 335 patients experienced EIPN; 18 (5.4%) experienced 
grade ≥3 EIPN. Median time to EIPN resolution (EIPN ended or returned to baseline) was 78.7 
weeks (95% CI 77.1-not estimable). Median time to disease progression was 4.5 months (95% CI 3.9-
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5.5). Treatment-emergent adverse events (TEAEs) occurred in 322 (96.1%) patients; serious TEAEs 
occurred in 185 (55.2%) patients. Incidence and resolution rates of EIPN were comparable with 
existing evidence from previous trials. TEAEs were consistent with the established eribulin safety 
profile, with no new safety signals. Eribulin treatment did not appear to affect QoL, as measured by 
EQ-5D-3L and EQ-VAS, or patient-reported neuropathy symptoms, as measured by the PNQ. 

Keywords: breast neoplasms; peripheral nervous system diseases; eribulin; cohort studies; 
prospective studies; medical oncology 

 

1. Introduction 

Eribulin, a halichondrin-class microtubule-dynamics inhibitor commonly used to treat breast 
cancer [1,2], is a preferred treatment for patients with advanced breast cancer after treatment with 
anthracyclines and taxanes [3,4].  Peripheral neuropathy is a well-known dose-limiting side effect of 
eribulin [5]; however, data assessing the persistence and resolution of chemotherapy-induced 
peripheral neuropathy are limited. The prespecified interim analysis of the prospective Incidence and 
Resolution of Eribulin-Induced Peripheral Neuropathy (IRENE) cohort study (data cutoff date: 1 July, 
2019) assessed the incidence and severity of peripheral neuropathy in patients with locally advanced 
or metastatic breast cancer treated with eribulin [6]. Eribulin-induced peripheral neuropathy (EIPN) 
was observed in 67 (32.4%) patients; grade ≥3 EIPN was observed in 12 (5.8%) patients (all events 
were grade 3). Dose modifications or delays due to EIPN occurred in only 3 (1.4%) patients, and 
eribulin was terminated as a result of EIPN in 6 (2.9%) patients. Median time to resolution of EIPN 
was not reached. Treatment-emergent adverse events (TEAEs) were reported in 195 (93.8%) patients 
(grade ≥3 TEAEs were observed in 62.0% of patients).  

Results of the interim analysis of IRENE [6] were consistent with those reported in randomized 
phase 3 clinical trials of eribulin in patients with locally recurrent or metastatic breast cancer [7,8]. 
The EMBRACE trial [7], which compared eribulin and treatment of physician’s choice, showed a 
similar incidence of peripheral neuropathy among patients who received eribulin (35%). Similarly, 
the randomized phase 3 trial comparing single-agent eribulin and capecitabine monotherapies (Study 
301) [8] showed a comparable rate of peripheral neuropathy in patients who received eribulin 
(27.4%). Notably, the peripheral neuropathy incidence rate observed in the IRENE interim analysis 
(32.4%) was also similar to that reported in an observational study of EIPN in Japanese patients with 
HER2-negative inoperable/recurrent breast cancer (28.1%) [9]. As IRENE was also an observational 
postauthorization study, the comparable rates of peripheral neuropathy shown among the IRENE 
interim analysis and both observational and randomized clinical trials are notable. Adverse events 
(AEs) observed in the IRENE study were consistent with the known safety profile of eribulin [10,11], 
and no new safety signals were noted. Additionally, the overall rates of AEs reported in EMBRACE 
(99%) [7] and Study 301 (94.1%) [8] were similar to the rates reported in the IRENE interim analysis 
(93.8%) [6].  

Herein, we report the final analysis of the IRENE study, including incidence and severity of 
peripheral neuropathy and safety. Additionally, patient-reported measures of peripheral neuropathy 
symptoms and health-related quality of life (HRQoL), which were not previously reported, are 
included in this final analysis of IRENE.  

2. Patients and Methods 

2.1. Study Design and Patients 

The study design and inclusion/exclusion criteria have been previously described [6] and are 
briefly summarized below. The IRENE trial (Incidence and resolution of Eribulin-Induced Peripheral 
Neuropathy) was an observational, single-arm, prospective, multicenter, cohort study. Patients ≥18 
years of age with locally advanced or metastatic breast cancer and disease progression after one to 
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three prior chemotherapeutic regimens for advanced disease were eligible to participate. The 
maximum number of prior chemotherapeutic regimens was extended per a protocol amendment 
(previously, a maximum of two therapies were allowed) to allow more patients to be enrolled. 
Patients with previous eribulin treatment or who had a contraindication according to the eribulin 
label were excluded from the study. All patients provided signed written informed consent before 
participation in this study. Patients were treated with eribulin according to the label, and data 
documentation occurred during routine visits according to clinical practice at each site. The estimated 
observation period per patient was anticipated to be approximately 15 months, and patients were 
followed for EIPN until death, resolution of EIPN, or return of EIPN to baseline level, whichever 
occurred first.  

2.2. Endpoints 

The primary objective of the IRENE study was to characterize the incidence, frequency, and 
resolution of EIPN in adults with locally advanced or metastatic breast cancer that has progressed 
after one to three chemotherapeutic regimens for advanced disease. The primary endpoints included 
the number and proportion of patients experiencing EIPN (regardless of severity), the severity of 
EIPN (as determined by Common Terminology Criteria for Adverse Events [CTCAE] grade version 
4.0), the frequency of dose modifications or discontinuation of eribulin due to EIPN, time to eribulin 
treatment discontinuation due to EIPN, the frequency of resolution of EIPN (EIPN ended or returned 
to baseline, as determined by CTCAE grade version 4.0), the time to resolution of EIPN (time from 
onset or worsening from baseline to the date of resolution [defined as stop of EIPN or return to 
baseline]) as determined by CTCAE grade version 4.0, and therapeutic interventions (e.g., analgesics) 
used to treat EIPN. EIPN ratings were carried out by the treating physician. Secondary endpoints 
included time to disease progression (TDP; defined as time from the start of eribulin treatment to 
investigator assessment of disease progression) and the number and proportion of patients 
experiencing nonserious and serious AEs (SAEs). Additionally, patient-reported peripheral 
neuropathy symptoms and HRQoL, secondary endpoints reported only at this final analysis 
timepoint, were measured using the Patient Neurotoxicity Questionnaire (PNQ) and the EQ-5D-3L 
Questionnaire, respectively. 

2.3. Statistical Methods 

Unless otherwise specified, primary and secondary endpoints were analyzed for all enrolled 
patients who received at least one dose of eribulin (safety analysis set). IRENE was an observational 
study; thus, descriptive analyses were performed for most endpoints. Patients who experienced more 
than one episode of EIPN were counted only once. Descriptive subgroup analyses based on age (<65 
vs. ≥65 years) were performed for all primary endpoints.  

Associations between the occurrence of new or worsening EIPN and peripheral neuropathy 
predispositions, and between the occurrence of new or worsening PN and the existence of previous 
peripheral neuropathy, were investigated with regression models. Univariate and multivariate 
logistic regression models including predisposition factors as independent variables were performed. 
A univariate logistic regression model served as a sensitivity analysis to assess the effect of the 
presence of past or pre-existing peripheral neuropathy on the probability of developing EIPN. The 
dependent variable was patients with at least one EIPN event versus patients without any EIPN 
events and given as a function of the existence of past or pre-existing peripheral neuropathy as 
documented at baseline. 

Kaplan–Meier estimates of time to onset of EIPN were performed for all patients in the safety 
analysis set. Descriptive statistics for the time to onset of first EIPN were also calculated based on the 
subset of patients with at least one EIPN event and for patients with resolution of all EIPNs. Kaplan–
Meier estimates of time to resolution of EIPN were summarized and analyzed based on the subset of 
patients with at least one EIPN event. Descriptive statistics for time to resolution of EIPN were also 
calculated based on the subset of patients with resolution of all ongoing EIPN events (in case of 
worsening EIPN, resolution was defined as EIPN returned to baseline status). Time to termination of 
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eribulin treatment due to EIPN was estimated using Kaplan–Meier methodology based on the subset 
of patients with at least one EIPN event. Time to improvement of EIPN (either resolution of the EIPN 
or a decrease in EIPN grade) by presence and absence of therapeutic intervention used to treat EIPN 
was analyzed descriptively and by the Kaplan–Meier method, based on patients with at least one 
EIPN event. Time to improvement of EIPN by presence and absence of therapeutic intervention used 
to treat EIPN was also analyzed descriptively, based on the subset of patients with improvement of 
all EIPN events (either resolution of the EIPN or a decrease in EIPN grade). 

TDP was analyzed and plotted for all patients in the safety analysis set using Kaplan–Meier 
methodology. The analysis was repeated for patients with and without EIPN. For HRQoL measures, 
descriptive statistics by treatment cycle were provided for PNQ score, EQ-5D total score, visual 
analogue scale (VAS), and the respective changes from baseline. Numbers and percentages of AEs 
and treatment-related AEs by preferred term and CTCAE v4.0 grade were reported descriptively. 
Numbers and percentages of SAEs and treatment-related SAEs were also reported descriptively.  

3. Results 

3.1. Patients 

At the data cutoff date for the final analysis (1 June 2022), 335 patients who received at least one 
dose of eribulin were included in the safety analysis set. A total of 313 (93.4%) patients terminated 
eribulin treatment (the main reasons for eribulin termination were disease progression [n=200; 59.7%] 
and AEs [n=57; 17.0%]); a total of 330 (98.5%) patients terminated the study. Aside from regular 
termination of eribulin treatment (n=141; 42.1%), the main reasons for study termination were death 
(n=79; 23.6%), AEs (n=32; 9.6%), and withdrawal of informed consent (n=10; 3.0%). Patient disposition 
is displayed in Figure S1. 

Patient demographics and clinical characteristics at baseline are shown in Table 1. Of 335 total 
patients, 301 (89.9%) had previously received neurotoxic anticancer treatment, 113 (33.7%) had a 
predisposition to peripheral neuropathy, and 147 (43.9%) had peripheral neuropathy ongoing at 
baseline. Of the 147 patients with peripheral neuropathy at baseline, the majority (73.5%) had a 
maximum peripheral neuropathy grade of 1.  

Table 1. Baseline patient demographics and clinical characteristics. 

Characteristic Patientsa  
(N = 335) 

Age, years 
 Median (range) 
 Mean (SD) 

60.0 (32.0, 83.0) 
60.0 (11.2) 

Sex, n (%) 
Female 
Male 

334 (99.7) 
1 (0.3) 

Mean body weight, kg (SD)b 71.2 (16.4) 
Locally advanced breast cancer, n (%) 17 (5.1) 
Metastatic sites, n (%) 
 Bone 
 Brain 
 Lung 
 Liver 
 Other 
    Missing 

318 (94.9) 
219 (65.4) 
28 (8.4) 

134 (40.0) 
178 (53.1) 
148 (44.2) 

0 
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Subtype, n (%) 
   Luminal A 
   Luminal B 
   HER2 enriched 
   Basal-like 
   Missing 

 
56 (16.7) 
86 (25.7) 
39 (11.6) 
46 (13.7) 

108 (32.2) 
Patients with ≥ 1 previous anticancer treatment, n (%) 
     1 
     2 
     ≥3 

330 (98.5) 
15 (4.5) 
26 (7.8) 

289 (86.3) 
Type of previous anticancer treatment, n (%)c  
Paclitaxel 
Cyclophosphamide 
Epirubicin 
Bevacizumab 
Fulvestrant 
Capecitabine 
Letrozole 
Tamoxifen 
Docetaxel 
Palbociclib 

330 (98.5) 
228 (68.1) 
177 (52.8) 
153 (45.7) 
131 (39.1) 
104 (31.0) 
99 (29.6) 
92 (27.5) 
83 (24.8) 
82 (24.5) 
75 (22.4) 

Previous neurotoxic anticancer treatment, n (%) 
     Taxanes 
     Platin derivatives 
     Vinca alkaloids 
     Other 

301 (89.9) 
294 (87.8) 
68 (20.3) 
19 (5.7) 
19 (5.7) 

Predisposition for peripheral neuropathy, n (%) 
     Hypothyreosis 
     Diabetes mellitus type 1 or 2 
     Renal impairment 
     Inflammatory diseases 
     Herpes zoster 
     Alcohol abuse 
     Other 

113 (33.7) 
58 (17.3) 
33 (9.9) 
15 (4.5) 
11 (3.3) 
7 (2.1) 
1 (0.3) 
9 (2.7) 

Peripheral neuropathy ongoing at baseline, n (%) 
Maximum CTCAE grade, nd 
     1 
     2 
     3 

147 (43.9) 
 

108 (32.2) 
69 (20.6) 
6 (1.8) 

aPercentages in this column are based on the total number of patients (N = 335); bnine patients had missing data 
for this parameter; cprevious anticancer therapies received by > 20% of patients are shown; dgrade information 
was missing for two patients. CTCAE, Common Terminology Criteria for Adverse Events; HER2, human 
epidermal growth factor receptor 2; SD, standard deviation. 

EIPN incidence and resolution, therapeutic interventions for EIPN, and EIPN events leading to 
dose modification, delay, or termination are summarized in Table 2. EIPN incidence by preferred 
term is shown in Table S1. Of 335 total patients, 108 (32.2%) experienced any-grade EIPN, and 18 
(5.4%) experienced grade ≥3 EIPN. Worsening of pre-existing peripheral neuropathy occurred in 53 
(15.8%) patients, and 82 (24.5%) patients had new-onset peripheral neuropathy. Results of the 
sensitivity analysis with univariate logistic regression analysis indicated no correlation between pre-
existing peripheral neuropathy and the incidence of EIPN. The relationship between peripheral 
neuropathy predispositions and the incidence of EIPN was also analyzed using logistic regression 
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analyses. None of the predisposition factors provided enough information to explain the occurrence 
of EIPN (by means of the univariate or multivariate models). 

Table 2. Patients who experienced EIPN. 

Incidence, n (%) 
Total 

(N = 335) 
Age < 65 Years 

(n = 214) 
Age ≥ 65 Years 

(n = 121) 
Any EIPN eventa 
 Worsening of pre-existing  

peripheral neuropathy 
 New-onset EIPN 

108 (32.2) 
 

53 (15.8) 
82 (24.5) 

64 (29.9) 
 

31 (14.5) 
51 (23.8) 

44 (36.4) 
 

22 (18.2) 
31 (25.6) 

Any EIPN event of grade ≥3 18 (5.4) 12 (5.6) 6 (5.0) 
Resolution of all EIPN eventsb,c 34 (31.5) 

 
24 (37.5) 

 
10 (22.7) 

 
Any therapeutic intervention for EIPNc,d 21 (19.4) 

 
13 (20.3) 

 
8 (18.2) 

 
Any EIPN event leading to dose 
modificatione 

13 (3.9) 
 

6 (2.8) 
 

7 (5.8) 
 

Any EIPN event leading to dose delayf 5 (1.5) 2 (0.9) 3 (2.5) 
Any EIPN event leading to eribulin 
termination 8 (2.4) 6 (2.8) 2 (1.7) 

aPatients appear in each category in which they had ≥ one event; bresolution is defined as all ongoing EIPN events 
resolved or, in the case of worsening EIPN, returned to baseline levels; cpercentages are based on the number of 
patients with any EIPN event; dthe most common interventions were pregabalin (n = 9), vitamin B12 (n = 5), and 
pyridoxine hydrochloride (n = 5); ea dose modification is defined as a change in administered dose between two 
study visits; fa dose delay is defined as a period of more than seven days between day 1 and day 8 within a 
treatment cycle or as a period of > 14 days between day 8 and day 1 of the following treatment cycle. EIPN, 
eribulin-induced peripheral neuropathy. 

Median time to onset of first EIPN was not reached (95% CI 40.7-not estimable [NE]) in the total 
population (safety analysis set) (Figure 1). When examined by age group, median time to onset of 
first EIPN was not reached (95% CI NE-NE) in patients <65 years of age and 48.4 weeks (95% CI 18.1-
NE) in patients ≥65 years of age. Modifications, delays, and terminations of eribulin due to EIPN were 
uncommon (Table 2). Eight (2.4%) patients terminated eribulin treatment due to EIPN. Median time 
to eribulin treatment termination due to EIPN was not reached for the total population (Figure 2) nor 
for the subgroups of younger (<65 years of age) or older (≥65 years of age) patients. Of the 108 patients 
with EIPN, 34 (31.5%) experienced resolution of EIPN (defined as all ongoing EIPN events resolved 
or, in the case of worsening EIPN, returned to baseline levels) (Table 2). A higher percentage of 
younger (<65 years) patients experienced EIPN resolution than older (≥65 years) patients (37.5% vs. 
22.7%). Median time to resolution of EIPN in the total population was 78.7 weeks (95% CI 77.1-NE) 
(Figure 3) and comparable in younger (<65 years) patients (77.1 weeks [95% CI 18.3-NE]). Median 
time to resolution of EIPN was not reached (95% CI 83.1-NE) in older (≥65 years) patients. Times to 
onset and resolution of EIPN in the subset of patients with EIPN events are reported in Table S2. 
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EIPN, eribulin-induced peripheral neuropathy. 

Figure 1. Kaplan–Meier plot for time to first onset of EIPN. 

Of the 108 patients with EIPN events, therapeutic interventions for EIPN were used in 21 (19.4%) 
patients. The most common interventions were pregabalin (n=9), vitamin B12 (n=5), and pyridoxine 
hydrochloride (n=5) (Table 2). Of the 21 patients who were given therapeutic interventions to treat 
EIPN, five (23.8%) patients experienced EIPN improvement. Median time to improvement was 77.1 
weeks (95% CI 77.1-78.7) based on the Kaplan–Meier estimate (Figure S2). Of the 87 patients with 
EIPN who did not receive a therapeutic intervention, 31 (35.6%) patients achieved improvement. 
Median time to improvement without therapeutic intervention was 83.1 weeks (95% CI 24.7-NE) 
based on the Kaplan–Meier estimate (Figure S2). Times to improvement of EIPN in the subset of 
patients with improvement of all EIPNs (by presence or absence of therapeutic intervention) are 
reported in Table S2.  
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EIPN, eribulin-induced peripheral neuropathy. 

Figure 2. Kaplan–Meier plot for time to eribulin treatment termination due to EIPN. 

 
EIPN, eribulin-induced peripheral neuropathy. 

Figure 3. Kaplan–Meier plot for time to resolution of EIPN. 
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3.2. Time to Disease Progression 

Over the course of the study, 221 (66.0%) patients experienced disease progression. Median TDP 
was 4.5 months (95% CI 3.9-5.5) (Figure 4). In the subset of patients with EIPN (108 patients), 66 
(61.1%) patients had disease progression; median TDP was 6.5 months (95% CI 4.6-7.8) based on the 
Kaplan–Meier estimate (Figure S3). For patients without EIPN (n=227 patients), 155 (68.3%) had 
disease progression; the median TDP for this subset of patients was 3.9 months (95% CI 3.3-4.8) based 
on the Kaplan–Meier estimate (Figure S3).  

 

Figure 4. Kaplan–Meier plot for time to disease progression. 

3.3. Safety 

TEAEs are summarized in Table 3. TEAEs of any grade and grade ≥3 occurred in 322 (96.1%) 
and 214 (63.9%) patients, respectively. Nonfatal and fatal serious TEAEs occurred in 139 (41.5%) and 
81 (24.2%) patients, respectively. Notably, 60 (17.9%) patients in the safety population died of 
malignant neoplasm progression or another malignant neoplasm-associated event and were included 
in the fatal serious TEAE count, as worsening of underlying malignant disease was reported as a 
TEAE until protocol amendment v1.1. After this amendment, 34 additional patients died due to 
disease progression, and these events were not documented as AEs. Eribulin-related TEAEs occurred 
in 238 (71.0%) patients and serious eribulin-related TEAEs occurred in 57 (17.0%) patients. Eribulin-
related TEAEs led to dose modifications in 52 (15.5%) patients and eribulin termination in 16 (4.8%) 
patients. Similar rates of overall and eribulin-related TEAEs were observed in younger (<65 years) 
and older (≥65 years) patients (Table 3). The most common TEAEs that were judged by the 
investigator to be at least possibly related to eribulin were leukopenia and fatigue (n=55 [16.4%] each), 
peripheral sensory neuropathy (n=49 [14.6%]), neutropenia ([n=45 [13.4%]), and alopecia ([n=44] 
(13.1%) (Table S3).  
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Table 3. Summary of TEAEs. 

TEAEs, n (%) 
Total 

(N = 335) 
Age < 65 Years 

(n = 214) 
Age ≥ 65 Years 

(n = 121) 
Any TEAE 322 (96.1) 208 (97.2) 114 (94.2) 
Eribulin-related TEAE 238 (71.0) 149 (69.6) 89 (73.6) 
TEAE grade ≥ 3 214 (63.9) 141 (65.9) 73 (60.3) 
Serious TEAE 
 Nonfatal 

Fatala,b 

185 (55.2) 
139 (41.5) 
81 (24.2) 

122 (57.0) 
93 (43.5) 
54 (25.2) 

63 (52.1) 
46 (38.0) 
27 (22.3) 

Serious eribulin-related TEAE 57 (17.0) 37 (17.3) 20 (16.5) 
Eribulin-related TEAEs leading to dose 
modification 52 (15.5) 34 (15.9) 18 (14.9) 
Eribulin-related TEAEs leading to 
eribulin termination 16 (4.8) 9 (4.2) 7 (5.8) 

aOf the patients who had fatal serious TEAEs, five (1.5%) patients had treatment-related grade 5 events at least 
possibly related to eribulin. They included infections and infestations (n = 2), general physical health 
deterioration, stomatitis, and dyspnea (n = 1 each). AEs were documented in a way that allowed three different 
terms to be linked to a single event. As a result, stomatitis and dyspnea may appear as grade 5 because 
investigators linked them as such, even though according to the CTCAE v4.0, grade 5 events are not possible; 
bSixty (17.9%) patients in the safety population died of malignant neoplasm progression or another malignant 
neoplasm-associated event and were included in the fatal serious TEAE count, as worsening of underlying 
malignant disease was reported as a TEAE until protocol amendment v1.1. Thirty-four further patients died due 
to disease progression after this amendment, and these events were not documented as AEs. AE, adverse event; 
CTCAE v4.0, Common Terminology Criteria for Adverse Events version 4.0; TEAE, treatment-emergent adverse 
event. 

3.4. Patient-Reported Outcomes 

Results of the PNQ displayed up to cycle 5 (which corresponds to the median eribulin treatment 
duration) are shown in Table S4. At baseline, 286 (85.4%) patients completed the PNQ. Of the patients 
with available PNQ data, most reported no (32.9%) or mild (38.1%) symptoms of “numbness, pain or 
tingling in hands and feet” (Item 1), while 15.7% of patients had moderate symptoms, 12.2% had 
moderate to severe symptoms, and 1.0% had severe symptoms. At cycle 5, there was a trend toward 
more mild or moderate symptoms (Item 1: mild, 48.4%; moderate, 22.7%), while moderate to severe 
and severe symptoms were similar to baseline levels. For Item 2 (“weakness in arms and legs”), 
symptoms after five cycles were comparable to those at baseline. Per the results of the EQ-5D-3L and 
EQ-VAS questionnaires, eribulin treatment did not appear to negatively impact QoL or health-state 
scores (Tables S5-6). 

A subgroup analysis of the PNQ in patients with EIPN is shown in Table S7. At baseline, 96 of 
108 patients (88.8%) completed a PNQ. Most patients reported having no (40.6%) or mild (34.4%) 
symptoms of “numbness, pain or tingling in hands and feet” (Item 1), while 12.5% of patients had 
moderate to severe, or severe symptoms. At cycle 5, the proportion of patients without symptoms 
decreased (20.0%), while the proportion of patients with mild or moderate symptoms and moderate 
to severe symptoms increased (mild 41.7%, moderate 23.3%, moderate to severe 15.0%). For Item 2 
(“weakness in arms and legs”), most patients reported no (37.1%), mild (24.7%) or moderate (16.5%) 
symptoms at baseline, while 21.7% had moderate to severe, or severe symptoms. After 5 cycles, the 
proportion of patients with moderate to severe or severe symptoms remained consistent (22.4%), 
while the proportion of patients with no symptoms decreased (24.1%) and the proportion of patients 
with mild or moderate symptoms increased compared with those at baseline (mild: 32.8%, moderate 
20.7%).  
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4. Discussion 

The purpose of the IRENE study was to characterize the incidence and resolution of EIPN in 
patients with advanced or metastatic breast cancer, as information regarding the nature of this 
commonly occurring side effect of microtubule-targeting chemotherapy is limited. The EIPN 
incidence profile observed at the final analysis of IRENE was similar to that observed at the interim 
analysis [6]. Compared with the results of the European Medicine Agency’s (EMA’s) Halaven 
assessment report [12], which pooled results from seven phase 2/3 clinical trials in patients with 
advanced or metastatic breast cancer who were treated with eribulin (for a total pooled safety 
population of 1503 patients), patients in the IRENE study had slightly lower incidences of any-grade 
EIPN (36% vs. 32.2%). The incidence of grade ≥3 EIPN in the final analysis of the IRENE study (5.4%) 
was also lower than that of the EMA’s Halaven assessment report (7.7%) [12]. In the IRENE study, 
EIPN of any grade was numerically higher in older (≥65 years) versus younger (<65 years) patients 
(36.4% vs. 29.9%). The frequency of eribulin treatment termination due to EIPN (2.4%) was slightly 
lower than in the Halaven assessment report (3.3%) [12]. Notably, the characterization of peripheral 
neuropathy in the Halaven assessment report [12] was based on an earlier version of the MedDRA; 
thus, comparisons must be approached with caution. 

The EIPN resolution rate observed in the final analysis of IRENE (31.5%) was comparable with 
that reported in the Halaven assessment report (27.7%); however, the resolution analysis in the 
Halaven assessment report was based on narrow Standardized MedDRA Queries, so not all preferred 
terms were included [12]. Median time to resolution of EIPN, which was not reached at the interim 
analysis [6], was considerably longer than the median time to resolution reported in the Halaven 
assessment report (78.7 vs. 8.1 weeks); notably, this discrepancy is due to the IRENE data set being 
analyzed by Kaplan-Meyer estimates, with 108 of 335 patients having the event ‘resolution of EIPN.’ 
In the subset of patients who had resolution of all EIPN, the median (6.71 weeks) was comparable to 
the results of the assessment report. Notably, the high percentage of censored patients (68.5%) due to 
death (31.5%) and start of another neurotoxic anticancer therapy (20.4%) in the Kaplan–Meier 
analysis of time to resolution of EIPN affected the time to resolution analysis. 

In contrast to the Halaven assessment report [12], fewer patients in the IRENE study experienced 
dose modifications (22.7% vs. 50.7%) or dose reductions (20.3% vs. 30.9%), while dose delays were 
higher in the IRENE study (73.4% vs. 40.8%). The overall incidences of TEAEs, including eribulin-
related TEAEs, were similar to those observed at the interim analysis; no new safety signals were 
recorded, and TEAEs were consistent with eribulin’s known safety profile [10]. While the occurrence 
of grade ≥3 TEAEs was slightly lower in this study versus the Halaven assessment report (63.9% vs. 
70.9%), the occurrence of SAEs (55.2% vs. 23.4%) and fatal SAEs (24.2% vs. 4.5%) was higher. 
However, most of the fatal SAEs were due to malignant neoplasm progression, which was considered 
a TEAE until the first protocol amendment. The percentage of patients who experienced eribulin 
treatment termination due to a TEAE was lower in IRENE (4.8%) than in the Halaven assessment 
report (10.4%) [12]. 

As shown in the interim analysis [6], the overall rates of EIPN and TEAEs observed in the IRENE 
final analysis were also similar to that of the individual EMBRACE [7] and Study 301 [8] randomized 
phase 3 trials, two of the trials incorporated into the pooled analysis conducted in the Halaven 
assessment report [12]. Similar rates of any-grade EIPN were reported in the final analysis of IRENE 
(32.2%) compared to the peripheral neuropathy rates observed in EMBRACE (35%) and Study 301 
(27.4%). Similar to the IRENE final analysis, where 96.1% of patients experienced any-grade TEAEs, 
the majority of patients treated with eribulin in these trials experienced any-grade TEAEs (99% in 
EMBRACE and 94.1% in Study 301).  

Eribulin treatment did not appear to affect QoL as measured by EQ-5D-3L and EQ-VAS, or 
patient-reported neuropathy symptoms, as measured by the PNQ. This outcome is clinically 
significant and provides further support for eribulin as a preferred chemotherapy in patients with 
pretreated advanced/metastatic breast cancer. However, results of these analyses must be interpreted 
with caution, as many questionnaires for each measure were missing. Future studies are needed to 
confirm the impact of EIPN on quality of life, and to explore the relationship between physician-rated 
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EIPN and patient reports of peripheral neuropathy symptoms. Additionally, while a more detailed 
characterization of quality of life in subgroups of patients (eg, those who experienced EIPN of varying 
intensities or those who received versus did not receive therapeutic interventions for peripheral 
neuropathy) was beyond the scope of the IRENE study, a more fine-grained approach in future 
studies would further elucidate the impact of EIPN on patient-reported quality of life. 

5. Conclusion 

Together with the results of the interim analysis [6], results of this final analysis of the IRENE 
study signal the importance of monitoring peripheral neuropathy during eribulin treatment and add 
to the limited body of work on the characterization of EIPN in patients with advanced/metastatic 
breast cancer treated in real-world settings. Additional studies, particularly those that focus on 
patient-reported quality of life measures, are warranted to further characterize EIPN in this patient 
population. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. Figure S1: Patient disposition; Figure S2: Kaplan–Meier plot for time to 
improvement of EIPN by presence (red line) or absence (blue line) of therapeutic intervention; Figure S3: 
Kaplan–Meier plot for time to disease progression by presence (red line) or absence (blue line) of EIPN; Table 
S1: Time to onset, resolution, and improvement of EIPN in subsets of patients with EIPN events, improvement, 
or resolution; Table S2: Most common eribulin-related TEAEs (> 5% any grade); Table S3: Patient Neurotoxic 
Questionnaire (total population). 
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