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Abstract
Introduction: Prognosis of patients diagnosed with HER2+
early breast cancer (eBC) has substantially improved, but
distant recurrences impacting quality of life and survival still
occur. One treatment option for extended adjuvant treat-

ment of patients with HER2+/HR+ eBC is neratinib, available
in Europe for patients who completed adjuvant
trastuzumab-based therapy within 1 year. The ELEANOR
study is investigating the real-world use of neratinib in
Germany, Austria, and Switzerland. Results from an interim
analysis of the first 200 patients observed for ≥3 months are
reported. Methods: The primary objective of this
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prospective, multicenter, observational study is to assess
patient adherence to neratinib (defined as the percentage of
patients taking neratinib on ≥75% prescribed days). Sec-
ondary objectives are patient characteristics and treatment
outcomes. Results: At cut-off (May 2, 2022), a total of 202
patients had been observed for ≥3 months, with neratinib
treatment documented for 187 patients (median age: 53.0
years; 67.9% at increased risk of disease recurrence). In total,
151 (80.7%) patients had received prior neoadjuvant
treatment; of these, 82 (54.3%) patients achieved a patho-
logically complete response. Neratinib was initiated at a
median 3.6 months after trastuzumab-based treatment, with
36.4% starting at a dose <240 mg/day. Treatment is ongoing
for 46.0% of patients, with median treatment duration of
11.2 (interquartile range 0.9–12.0) months. Diarrhea was the
most common adverse event (78.6% any grade, 20.3%
grade ≥3); pharmacologic prophylaxis was used in 85.6% of
patients. Conclusions: The pattern of anti-HER2 pretreat-
ment observed reflected the current treatment for HER2+/
HR+ eBC in Germany, Austria, and Switzerland. These interim
results suggest that neratinib as an extended adjuvant is a
feasible option after various anti-HER2 pretreatments and
that its tolerability can be managed and improved with
proactive diarrhea management. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

The prognosis of patients with human epidermal growth
factor receptor 2 overexpressed/amplified (HER2+) early
breast cancer (eBC) has substantially improved due to the
introduction of targeted anti-HER2 therapies, such as
trastuzumab [1–3], and the subsequent approval of neo-
adjuvant pertuzumab [4–7], post-(neo)adjuvant trastuzu-
mab emtansine (T-DM1) for patients who do not achieve
pathological complete response (non-pCR) [8], and ex-
tended adjuvant neratinib for patients with HER2+/hor-
mone receptor-positive (HR+) tumors [9, 10]. Individual-
ized treatment strategies have evolved, shifting towards
neoadjuvant therapy and establishment of de-escalation and
tailored dose-escalation approaches [11–14].

Therapy in the early setting aims to prevent loco-regional
recurrence and development of distant metastases. Despite
advances, up to 31% of patients are at risk of recurrence or
death after 10 years, with a particularly high recurrence risk in
those who are non-pCR after neoadjuvant treatment [3, 15]. In
principle, patient prognosis is determined by tumor stage and
biology and risk factors such as age and comorbidities [2, 3, 7, 8,
16]. Recurrence rates with HER2+/HR– eBC are higher in the
2 years post-randomization, while patients with HER2+/HR+
disease face a higher risk of late recurrences (years 5–9) [15].

Neratinib, an irreversible pan-HER tyrosine kinase in-
hibitor (TKI), is registered in Europe as extended adjuvant
treatment for adults with HER2+/HR+ eBC who have

completed adjuvant trastuzumab-based therapy within
1 year [17]. Twelve months of neratinib treatment after
completion of post-(neo)adjuvant trastuzumab-based
therapy switch the mode of action from extracellular
HER2 blockade to intracellular pan-HER inhibition, of-
fering additional risk reduction [10]. The ExteNET study
demonstrated clinically meaningful benefit for neratinib
versus placebo [18]. In this HR+ European Medicines
Agency (EMA)/Swissmedic-label population, neratinib
improved 5-year invasive disease-free survival (iDFS) by
5.1% overall (hazard ratio [HR] 0.58, 95% confidence in-
terval [CI] 0.41–0.82) and 7.4% in patients who completed
neratinib treatment (i.e., ≥11months of treatment; HR 0.44,
95% CI 0.28–0.68) [10]. In addition, the 8-year overall
survival was numerically improved in HR+ patients who
were ≤1-year post-trastuzumab (HR 0.79, 95% CI
0.55–1.13) [10] and in those with HR+/centrally confirmed
HER2+ disease (HR 0.65, 95% CI 0.41–1.03) [19]. A par-
ticularly high benefit was observed in the descriptive HR+
subgroup of non-pCR patients; the 5-year iDFS rate was
improved by 7.4% (HR 0.60, 95% CI 0.33–1.07), and the
8-year overall survival rate was improved by 9.1% (HR
0.47, 95% CI 0.23–0.92) [10]; the 5-year iDFS rate was
improved by 11.9% if neratinib treatment was com-
pleted (HR 0.42, 95% CI 0.19–0.83) [10, 20]. Of note,
patients included in the ExteNET study had not received
prior dual HER2-blockade and/or post-neoadjuvant
T-DM1.

The tolerability of neratinib is consistent with other TKIs,
with diarrhea as the most common adverse event (AE);
however, in the ExteNET study, in the absence of specific
recommended prophylaxis, grade ≥3 diarrhea was reported
in 39% of neratinib patients [10], which is higher than that
seen with other TKIs [21]. The CONTROL study investi-
gated various prophylaxis and neratinib dose-escalation
approaches and showed that frequency and severity of
diarrhea can be improved over the ExteNET findings [22,
23]. All investigated strategies reduced rates of grade ≥3
diarrhea, with the lowest rate (13.3%) being achieved by a
weekly dose-escalation strategy (120→ 160→ 240 mg over
2 weeks), diarrhea-associated discontinuations, and pro-
longed treatment durations.

The ELEANOR study aims to characterize the de-
mographics, clinical characteristics, and treatment pat-
terns of patients receiving neratinib in clinical practice in
Germany, Austria, and Switzerland. The interim results
of the ELEANOR study are presented here.

Materials and Methods

Study Design
This observational, prospective study is investigating the real-

world use of neratinib in adult (≥18 years) female patients with
HR+/HER2+ stage I–III breast cancer who completed adjuvant
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trastuzumab-based therapy less than 1 year ago and decided to
receive extended adjuvant neratinib according to the current
summary of product characteristics [17].

Prior ethics committee approvals were obtained from par-
ticipating sites. The study was registered at ClinicalTrials.gov
(NCT04388384). Patients provided their written informed consent
before enrollment.

Study Outcomes
The primary objective is to assess patient adherence to neratinib,

defined as the proportion of patients who took neratinib on ≥75% of
the prescribed treatment days. Secondary objectives include assess-
ment of patient, disease, and tumor characteristics and previous
treatments, as well as neratinib treatment patterns and management,
disease relapse, patient-reported outcomes (PROs), reasons for
treatment choice, physicians’ and patients’ satisfactionwith treatment,
health-related quality of life (QoL), and safety/tolerability. This pre-
planned interim analysis reports patient, disease, and tumor char-
acteristics, previous treatments, neratinib treatment patterns and
management, disease relapse, and safety/tolerability.

Statistical Analysis
The main analysis set (MAS) was defined as all patients who

met all inclusion criteria but none of the exclusion criteria, with at
least one intake of neratinib documented, and who did not
withdraw their consent to use the documented data, while the
safety analysis set (SAS) was defined as all patients with at least one
prescription of neratinib documented, for whom at least one safety
assessment was obtained during treatment, and who did not
withdraw their consent to use the documented data. The com-
pliance set (CS) included all patients in the MAS for whom at least
1 patient calendar entry is available.

No formal database lock was performed before data analysis.
Selective monitoring visits, regular central data monitoring, and
validation were performed continuously during the study.

Descriptive statistics is used to present continuous variables
(median, range, and interquartile range [IQR]) and categorical
variables (number and percentage). Statistical analyses were
conducted using SAS version 9.4.

Results

Patient Population
At the time of the pre-planned interim analysis, 202 of

the 300 planned patients were enrolled ≥3 months prior
to the cut-off date (May 2, 2022). Of these, 187 patients
were included in the MAS and SAS; 178 patients were
included in the CS (online suppl. Fig. S1; for all online
suppl. material, see https://doi.org/10.1159/000533657).

In the MAS, median (range) age was 53.0 (22.0–81.0)
years (Table 1); 55.1% of patients were employed; median
(IQR) time from initial diagnosis to the start of neratinib
treatment was 20.9 (18.0–23.7) months. Patients predom-
inantly had clinical stages cT1 and cT2 (49.2% and 39.0%,
respectively) or cN0/cN1mi and cN1 (63.6% and 25.7%,
respectively). Correspondingly, 50.8% (n = 95) of patients
were diagnosed with stage ≥II disease according to the
American Joint Committee on Cancer (AJCC) staging
system. Taken together, 67.9% of patients scheduled to

Table 1. Patient characteristics at diagnosis in the main
analysis set

Characteristic N = 187

Median age, years (range)a 53.0 (22.0–81.0)
Ethnic group, n (%)

Black 1 (0.5)
Caucasian 177 (94.7)
Other 9 (4.8)

Median (IQR) BMI, kg/m2 26.0 (22.8–29.8)
Menopausal status (primary diagnosis), n (%)

Premenopausal 82 (43.9)
Perimenopausal 14 (7.5)
Postmenopausal 91 (48.7)

Employment status, n (%)
Employed full-time 56 (29.9)
Employed part-time 47 (25.1)
Unemployed, not disease related 12 (6.4)
Unemployed, disease related 26 (13.9)
Retired 39 (20.9)
Missing 7 (3.7)

ECOG performance status, n (%)
0 133 (71.1)
1 47 (25.1)
2 3 (1.6)
Not evaluated 4 (2.1)

Clinical T-stage at primary diagnosis, n (%)
cT0/cTis (DCIS) 1 (0.5)/2 (1.1)
cT1 23 (12.3)
cT1a/cT1b 2 (1.1)/12 (6.4)
cT1c 55 (29.4)
cT2 73 (39.0)
cT3 8 (4.3)
cT4/cT4d 1 (0.5)/1 (0.5)
cTX 9 (4.8)

Clinical N-stage at primary diagnosis, n (%)
cN0/cN1mi 116 (62.0)/3 (1.6)
cN1 48 (25.7)
cN2 4 (2.1)
cN2a/b 1 (0.5)/1 (0.5)
cN3 1 (0.5)
cN3a 1 (0.5)
cNX 12 (6.4)

AJCC stage at primary diagnosis, n (%)
TisN0M0 1 (0.5)
IA 69 (36.9)
IIA 55 (29.4)
IIB 26 (13.9)
IIIA 10 (5.3)
IIIB 2 (1.1)
IIIC 2 (1.1)
MX 11 (5.9)
TX/NX 11 (5.9)

WHO tumor grading at primary diagnosis, n (%)
G1 3 (1.6)
G2 82 (43.9)
G3 92 (49.2)
GX 10 (5.3)

Ki67 status,b n (%)
High 120 (64.2)
Low 54 (28.9)
Unknown 13 (7.0)

AJCC, American Joint Committee on Cancer; BMI, body mass index;
c, clinical; DCIS, ductal carcinoma in situ; ECOG, Eastern Cooperative
Oncology Group; G, grading; IQR, interquartile range; mi, micro-
metastasis; M, metastasis; N, lymph node; T, tumor; WHO, World
Health Organization; X, status not determined. aAt date of informed
consent. bAs per center standard definition.
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receive neratinib were at increased risk of recurrence (de-
fined as AJCC stage >I and/or lymph node involvement at
diagnosis and/or non-pCR after neoadjuvant treatment);
risk profiles were not assessable for 5.3% of patients. At the
time of primary diagnosis, 49.2% of patients presented with
World Health Organization tumor grade 3 and 64.2% of
patients had high Ki-67 expression.

Thirty-six patients (19.3%) had upfront surgery and
adjuvant treatment, while 151 (80.7%) patients received
neoadjuvant treatment, of whom 82 (54.3%) achieved pCR.
All 36 patients with upfront surgery received trastuzumab
monotherapy (n = 24, 66.7%) or in combination with
pertuzumab (n = 12, 33.3%; Table 2). In line with the
current standard of care, anti-HER2 dual blockade with
trastuzumab + pertuzumab (n = 127, 84.1%) was the most
common neoadjuvant treatment. Patients who did not
achieve pCR (n = 67, 44.4%) after neoadjuvant therapy
predominantly received post-neoadjuvant T-DM1 (n = 36,
53.7%), while other patients received trastuzumab + per-
tuzumab (n = 17, 25.4%) or trastuzumab alone (n = 7,
10.4%). Patients who had a pCR (n = 82, 54.3%) commonly
received post-neoadjuvant trastuzumab alone (n = 46,
56.1%) or with pertuzumab (n = 32, 39.0%).

In line with guidelines [11, 24], most patients (93.0%)
received anti-hormonal treatment, either prior to or con-
comitantly with neratinib (online suppl. Table S1). Fur-
thermore, 81% of patients had received prior radiotherapy.

Neratinib Treatment
Physicians’ reasons for neratinib extended adjuvant

treatment choice were efficacy (n = 118, 63.1%), safety
(n = 27, 14.4%), physician’s preference (n = 22, 11.8%),

patient’s preference (n = 15, 8.0%), QoL (n = 4, 2.1%), or
other (n = 1, 0.5%). Median (IQR) time from the end of
previous trastuzumab-based post-(neo)adjuvant therapy
to neratinib initiation was 3.6 (1.8–7.3) months. In total,
119 (63.6%) patients started neratinib at an oral dose of
240 mg/day, whereas 68 (36.4%) patients started at lower
doses, mostly at 120 (12.8%) or 160 (15.0%) mg/day.

At data cut-off, neratinib treatment was ongoing in 86
patients (46.0%), with 42 (22.5%) having completed
1 year of treatment. Neratinib was discontinued pre-
maturely in 31 patients (16.6%) due to AEs, 19 (10.2%)
due to their wishes, two (1.1%) due to disease recurrence,
one (0.5%) due to concomitant disease, and six (3.2%) for
other reasons (online suppl. Fig. S1). The median (IQR)
treatment duration was 11.2 (0.9–12.0) months.

Disease Relapse
Three patients previously treated with neoadjuvant ther-

apy had disease recurrence during the observation period, one
with distant metastasis and two at the locoregional level.

Safety
In the SAS, any grade AEs and serious AEs were re-

ported in 164 (87.7%) and 11 (5.9%) patients, respectively
(Table 3); 48 (25.7%) patients experienced at least one
grade ≥3 AE, irrespective of causality; no fatal AEs oc-
curred. In patients who started neratinib at <240 mg/day,
the occurrence of grade ≥3 AEs was 20.6% versus 28.6%
for patients who started at 240 mg/day.

The most common AEs of any grade were diarrhea
(n = 147, 78.6%), nausea (n = 38, 20.3%), and fatigue (n =
32, 17.1%). The most frequently reported AE of grade ≥3

Table 2. Type of anti-HER2 treatment received in the neoadjuvant and adjuvant settings prior to neratinib

Setting (n/N, %) Type of anti-HER2 n (%)

Neoadjuvant (151/187, 80.7%) Trastuzumab + pertuzumab 127 (84.1)
Trastuzumab 10 (6.6)
Pertuzumab 2 (1.3)
No anti-HER2 12 (7.9)

Post-neoadjuvant (151/187, 80.7%)a,b

After pCR (82/151, 54.3%) Trastuzumab 46 (56.1)
Trastuzumab + pertuzumab 32 (39.0)
Other anti-HER2c 2 (2.4)
Not yet documented 2 (2.4)

After non-pCR (67/151, 44.4%) Trastuzumab 7 (10.4)
Trastuzumab + pertuzumab 17 (25.4)
T-DM1 36 (53.7)
Other anti-HER2 6 (9.0)
Not yet documented 1 (1.5)

Adjuvant (no prior neoadjuvant) (36/187, 19.3%) Trastuzumab 24 (66.7)
Trastuzumab + pertuzumab 12 (33.3)

HER2, human epidermal growth factor receptor 2; pCR, pathological complete response; T-DM1, tras-
tuzumab emtansine. aThe post-neoadjuvant treatment was not documented for 4 patients. bpCR status was
unknown in 2 patients. c“Other anti-HER2 treatments” included other combinations and/or sequences of
trastuzumab, pertuzumab, and/or T-DM1.
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was diarrhea (n = 38, 20.3%); 2 patients had grade 4
diarrhea. Most patients (85.6%) received diarrhea pro-
phylaxis (timing of prophylaxis was unknown), mainly
loperamide. Sixty-eight patients (36.4%) started neratinib
at <240 mg/day with planned dose escalation; diarrhea
prophylaxis was provided to 91.6% of patients starting
neratinib at 240 mg/day and 75.0% of patients starting
neratinib at <240 mg/day. Grade ≥3 diarrhea was ob-
served less frequently in patients who started neratinib at
a dose <240 mg (i.e., for whom an initial dose-escalation
approach was chosen; 16.2% vs. 22.7%). No relevant
difference in the incidence of severe diarrhea was ob-
served between the various pretreatments (online suppl.
Fig. S2). Diarrhea resulted in permanent discontinuation
of treatment in 24 patients (12.8%), with 7/68 (10.3%)
and 17/119 (14.3%) patients withdrawing from treatment
after starting treatment at <240 and 240 mg/day,
respectively.

Generally, patients who started neratinib at a lower
dose had slightly longer treatment duration (median 11.7
[95% CI 4.0–12.0] months) compared with those who
started at full dose (median 11.0 [95% CI 2.3–11.8]
months), with 20.6% and 31.9% of patients permanently
discontinuing treatment within the first 3 months, re-
spectively (Fig. 1).

Discussion

To the best of our knowledge, ELEANOR is the first
real-world study on neratinib use in Germany, Austria,
and Switzerland and the management of treatment-
related AEs according to current clinical standards.

Estimation of the recurrence risk is based on a com-
bination of many factors, including patient demo-
graphics, tumor biology, and previous treatments. Em-
ploying a combination of AJCC tumor stage and response
to neoadjuvant therapy to estimate the disease risk profile,
as proposed by Amendment 3 of ExteNET [10], 67.9% of
patients enrolled in ELEANOR so far were at increased
risk of disease recurrence. The pattern of anti-HER2
pretreatment received by ELEANOR patients reflects
the modern HER2+ eBC treatment landscape. Most
patients received dual blockade in the neoadjuvant and/or
adjuvant setting prior to neratinib. Of note, only 53.7% of
patients with residual disease received T-DM1 in the
post-(neo)adjuvant setting. This unexpectedly low pro-
portion might be explained by the fact that T-DM1 was
approved as adjuvant treatment in December 2019, which
was only 6 months before the inclusion of the first patient
in ELEANOR (July 2020). This means that post-(neo)
adjuvant T-DM1 treatment was still ongoing in patients
at the start of the ELEANOR study, and inclusion of
patients pre-treated with T-DM1 was delayed accord-
ingly. In line with this, the proportion of T-DM1-treated
patients is steadily increasing at each interim analysis
[25–27]. Remarkably, patients achieving a pCR after
neoadjuvant therapy (43.9% of patients enrolled in EL-
EANOR) were also scheduled for neratinib treatment,
clearly showing that additional factors, such as tumor size
and nodal status [16], might be a reason for the choice of
extended adjuvant treatment.

The tolerability profile of neratinib in ELEANOR is
consistent with that observed in ExteNET [10]. Diarrhea
was the most frequently reported AE, but prophylaxis
(used by the majority of ELEANOR patients) appeared to

Table 3. Adverse events (occurring in ≥5% of patients) by Common Terminology Criteria for Adverse Events
(CTCAE) grade

Adverse events, n (%) Any grade Grade 1/2 Grade 3 Grade 4 Grade 5 Grade ≥3

Any TEAE 164 (87.7) 155 (82.9) 45 (24.1) 3 (1.6) – 48 (25.7)
By MedDRA PT

Diarrhea 147 (78.6) 127 (67.9) 36 (19.3) 2 (1.1) – 38 (20.3)
Nausea 38 (20.3) 38 (20.3) – – – –
Fatigue 32 (17.1) 30 (16.0) 2 (1.1) – – 2 (1.1)
Abdominal pain upper 18 (9.6) 18 (9.6) – – – –
Headache 14 (7.5) 14 (7.5) – – – –
Rash 14 (7.5) 14 (7.5) – – – –
Muscle spasms 13 (7.0) 13 (7.0) – – – –
Vomiting 13 (7.0) 13 (7.0) 1 (0.5) – – 1 (0.5)
Constipation 12 (6.4) 12 (6.4) – – – –
Dry skin 12 (6.4) 12 (6.4) – – – –
Abdominal pain 10 (5.3) 10 (5.3) – – – –
Dry mouth 10 (5.3) 10 (5.3) – – – –
Epistaxis 10 (5.3) 10 (5.3) – – – –

MedDRA PT, Medical Dictionary for Regulatory Activities Terminology Preferred Term; TEAE, treatment-
emergent adverse event.
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reduce the risk of grade 3 diarrhea.With 20.3% of patients
reporting grade ≥3 diarrhea and 78.6% reporting any
grade, its occurrence in ELEANOR was lower than in
ExteNET (39 vs. 94%, respectively) [10], and in the range
of incidence and severity observed for other available
TKIs [21]. This is likely the result of increasing awareness
of diarrhea risk and more frequent use of anti-diarrheal
strategies, including medical prophylaxis and a dose-
escalation approach. About one-third of treating physi-
cians started neratinib at a daily dose below the standard
dose of 240 mg. In these patients, the proportion of
patients with grade ≥3 diarrhea was lower than in those
who had started neratinib treatment with the standard
dose (16.2 vs. 22.7%). This is in line with the final analysis
of the CONTROL study [23]; results show a substantial
reduced incidence of grade 3 diarrhea in patients in
whom medical prophylaxis or weekly dose escalation
were employed as compared with ExteNET findings [10].
In fact, most ELEANOR patients also received anti-
diarrheal treatment at least once during the documen-
tation period. While encouraging, this interim analysis is
limited by the relatively short observation period and the
small patient number.

Conclusion

This second interim analysis of the ELEANOR study
demonstrates the feasibility of extended adjuvant ner-
atinib as a treatment option for HER2+/HR+ eBC in
clinical practice settings, particularly for patients at in-
creased risk of recurrence, and is independent of the type
of anti-HER2 therapy received in the neoadjuvant setting.
In this context, these results indicate that establishment of

adequate treatment management strategies for neratinib,
such as diarrhea prophylaxis or dose escalation, can
markedly improve tolerability in high-risk HER2+/HR+
eBC. Key findings of this interim analysis confirm that
neratinib is used following adjuvant T-DM1 and pertu-
zumab + trastuzumab in the real-world clinical practice
without new safety signals.
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