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ABSTRACT

Over the last 20 years, treatment of patients
with human epidermal growth factor receptor
2-positive (HER2?) early breast cancer has
considerably improved. The development and
addition of (neo)adjuvant trastuzumab to
chemotherapy in patients with early HER2?
breast cancer (EHBC) has been shown to pro-
vide improvements in both disease-free survival
(DFS) and overall survival, with some patients
having a good prognosis being candidates for
chemotherapy de-escalation strategies. How-
ever, despite such promising clinical outcomes,
a significant proportion of patients still recur
calling for the development of new preventive

approaches. To this aim, the use of (neo)adju-
vant trastuzumab for longer than one year or
followed by lapatinib were tested without
additional clinical improvement. Based on
more recent advances, therapeutic strategies for
patients with HER2? tumours are now incor-
porating the use of newer (neo)adjuvant treat-
ments, such as pertuzumab and trastuzumab
emtansine, which have shown to further
improve the invasive DFS (iDFS) benefit gained
with trastuzumab. In this context, the tyrosine
kinase inhibitor neratinib is approved in Europe
for the extended adjuvant treatment of adult
patients with early-stage hormone receptor-
positive HER2? breast cancer who completed
adjuvant trastuzumab-based therapy less than
one year ago. Clinical data have demonstrated
that neratinib significantly improves iDFS when
used for the total recommended duration of
12 months. This review paper provides an
overview of the treatment of patients with
EHBC, with a focus on the post-trastuzumab use
of neratinib.
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Key Summary Points

Why conduct this review?

Treatment of patients with early human
epidermal growth factor receptor
2-positive (HER2?) breast cancer (EHBC)
has improved over the last 20 years.

While the use of trastuzumab with
chemotherapy in patients with EHBC
improved disease-free and overall survival,
a significant proportion of patients still
recur calling for the development of new
preventive approaches.

This review explores the use of the
tyrosine kinase inhibitor neratinib,
approved in Europe for the extended
adjuvant treatment of adult patients with
early-stage hormone receptor-positive
(HR?)/HER2? breast cancer who
completed adjuvant trastuzumab-based
therapy less than one year ago.

What was learned from this review?

Neratinib represents a potential new
efficacious solution to address the
remaining risk of recurrence following
trastuzumab-based (neo)adjuvant therapy
in adult patients with early-stage
hormone receptor-positive early stage
HR?/HER2? breast cancer and has
demonstrated a manageable safety profile
in the ExteNET study.

Extended adjuvant neratinib needs to be
initiated soon after the end of
trastuzumab therapy and maintained for
the recommended 12 months to optimise
treatment outcomes in patients with
early-stage HR?/HER2? breast cancer.

As some patients may initially experience
episodes of diarrhoea in the first month of
neratinib use, prophylactic strategies
should be considered to support
treatment adherence and help patients to
remain on neratinib for the recommended
12 months.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14511963.

INTRODUCTION

Breast cancer is the most common type of can-
cer, the second leading cause of cancer death in
women, and has a risk of recurrence following
adjuvant treatment [1–3]. In approximately
15%–30% of invasive breast cancers, amplifica-
tion of the human epidermal growth factor
receptor 2 (HER2) gene or overexpression of the
HER2 protein has been identified [3, 4].

Prior to the development of anti-HER2
agents, HER2? breast cancer was considered to
be a highly aggressive subtype with limited
therapeutic options [5–7]. In particular, many
HER2? breast cancer recurrences were reported
as distant metastases, with a cure no longer
possible [1]. However, over the past 20 years,
the development and subsequent availability of
trastuzumab, a humanised monoclonal anti-
body that targets the extracellular domain of
the HER2 protein, has significantly improved
clinical outcomes for patients with early
HER2? breast cancer (EHBC) [1, 2, 8, 9]. The
addition of trastuzumab to chemotherapy in
EHBC can provide improvements in both dis-
ease-free survival (DFS) and overall survival
(OS). Moreover, due to the importance and
impact of HER2 blockade as a backbone strategy
on the outcome of HER2? cancers, some
patients considered to have a good prognosis
(small tumours and node-negative) may be
candidates for chemotherapy de-escalation
strategies.

However, despite these positive clinical out-
comes, the use of trastuzumab for longer than
one year in EHBC does not appear to further
improve this therapeutic benefit, with disease
recurrence reported in a proportion of patients
[8]. In addition, strategies to combine the first-
generation tyrosine kinase inhibitor (TKI)
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lapatinib to trastuzumab have failed to improve
longer-term outcomes (ALLTO study) [10]

Available data suggest that approximately
15%–50% of patients with EHBC treated with
adjuvant trastuzumab will go on to develop
recurrent disease according to treatment strate-
gies and initial stage of the disease [2, 8, 21].
Thus, the risk of disease recurrence remains
significant for many patients and requires
additional combination and/or sequencing of
therapeutic strategies [1, 9, 11, 12]. Newer
adjuvant treatments for patients with EHBC
include the monoclonal antibody pertuzumab
and the TKI neratinib, along with trastuzumab
emtansine (T-DM1), an antibody–drug conju-
gate of trastuzumab and the cytotoxic agent
emtansine. This paper will examine the use of
extended adjuvant treatment with neratinib for
patients with EHBC, is based on previously
conducted studies, and does not contain any
new studies with human participants or animals
performed by any of the authors.

UNMET NEED IN THE TREATMENT
OF PATIENTS WITH EHBC

The treatment of patients with EHBC has seen
an unprecedented advance with the develop-
ment and regulatory approval of agents such as
trastuzumab, pertuzumab, neratinib, and
T-DM1. Trastuzumab was the first targeted
agent indicated for the treatment of adult
patients with EHBC [13]. Pertuzumab is indi-
cated for use in combination with trastuzumab
and chemotherapy as neoadjuvant treatment of
adult patients with HER2?, locally advanced,
inflammatory, or EHBC at high risk of recur-
rence and as adjuvant treatment of adult
patients with EHBC at high risk of recurrence
[14]. T-DM1 is indicated for the adjuvant treat-
ment of adult patients with EHBC who have
residual invasive disease in the breast and/or
lymph nodes after neoadjuvant taxane-based
and HER2-targeted therapy [15]. Neratinib is
indicated for the extended adjuvant treatment
of adult patients with hormone receptor-posi-
tive (HR?) EHBC who completed adjuvant
trastuzumab-based therapy less than 1 year ago
[16].

Data from a joint analysis of North Central
Cancer Treatment Group NCCTG N9831
(Combination Chemotherapy With or Without
Trastuzumab in Treating Women With HER2-
Overexpressing Breast Cancer) and the National
Surgical Adjuvant Breast and Bowel Project
NSABP B-31 (Doxorubicin and Cyclophos-
phamide Plus Paclitaxel With or Without Tras-
tuzumab in Treating Women With Node-
Positive Breast Cancer That Overexpresses
HER2), demonstrated that adjuvant trastuzu-
mab significantly improved DFS by 40% (HR
0.60; 95% CI: 0.53, 0.68; p\0.001) and
increased the 10-year DFS rate from 62.2% to
73.7% in patients with EHBC [2]. Similarly, the
Phase III BCIRG-006 study confirmed the long-
term benefit of adjuvant trastuzumab in EHBC
(particularly the regimen of doxorubicin and
cyclophosphamide followed by paclitaxel and
trastuzumab) and demonstrated improved DFS
in high-risk subgroups of node-positive (N?)
[C 4 N?] patients with EHBC over 10 years of
follow up [17].

While 12 months of adjuvant treatment with
trastuzumab remains standard of care for selec-
ted low-risk adult patients with EHBC, different
attempts to improve clinical outcomes by pro-
longing therapy duration beyond 1 year have
failed, with disease recurrence reported in a
proportion of patients. In the final analysis of
the Phase III HERceptin Adjuvant (HERA) study,
Cameron et al. reported that while adjuvant
trastuzumab improved DFS, 2 years of treatment
did not prevent further disease recurrence when
compared with 1 year of treatment [8]. Alter-
native strategies have been tested to overcome
limitations and possibly trastuzumab resistance
by combining adjuvant trastuzumab with other
treatments. In the Phase III ALTTO study, the
addition of lapatinib to adjuvant trastuzumab
therapy for 1 year did not significantly improve
DFS compared with trastuzumab alone (HR
0.84; 97.5% CI: 0.70, 1.02; p = 0.048) and was
also found to add toxicity [10]; patients treated
with lapatinib reported more diarrhoea, cuta-
neous rash, and hepatic toxicity compared with
trastuzumab alone. In the Phase III APHINITY
study, the use of adjuvant trastuzumab in
combination with pertuzumab and
chemotherapy improved invasive DFS (iDFS) in
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patients with operable EHBC (HR 0.76; 95% CI:
0.64, 0.91), with a 6-year iDFS of 90.6% versus
87.8% without pertuzumab (difference of 2.8%)
[18]; however, the risk of recurrence remained,
particularly for patients with N? disease (HR
0.72; 95% CI: 0.59, 0.87), with a 6-year iDFS
benefit of 4.5% (87.9% vs. 83.4%). The Phase III
KATHERINE study of T-DM1 demonstrated that
among patients with EHBC who had residual
invasive disease after completion of neoadju-
vant therapy, the risk of recurrence of invasive
breast cancer or death was 50% lower with
adjuvant T-DM1 than with trastuzumab [12];
however, 11.7% of patients receiving T-DM1
had relapsed at 3 years. In addition, while there
was a consistent benefit of T-DM1 across sub-
groups, the risk of recurrence remained sub-
stantial in patient populations with poor
prognostic features, such as inoperable breast
cancer at presentation, primary tumour stage of
ypT4 at definitive surgery, and regional lymph
node stage ypN3 at definitive surgery. A higher
rate of treatment discontinuation due to
adverse events was also reported with T-DM1
compared with trastuzumab (18.0% vs. 2.1%,
respectively). Of note, it is important to
remember that the majority of the patients
included in the KATHERINE study had initial
HER2? and HR? disease. Moreover, Untch et al.
have identified that while distant metastases
can be significantly avoided with T-DM1, cen-
tral nervous system (CNS) first invasive recur-
rence appears more frequently with T-DM1
than with trastuzumab (numerically higher rate
of CNS recurrence as first site of recurrence in
the T-DM1 arm) due to the competing risks of
these patients [19].

The achievement of pathologic complete
response (pCR) (breast and axilla) is strongly
prognostic for event-free survival and OS in
early breast cancer [20]. Thus, patients achiev-
ing pCR can be expected to have good prognosis
following neoadjuvant chemotherapy plus anti-
HER2? therapy in patients with EHBC. How-
ever, Loibl et al. reported that while achieving
pCR improved iDFS, this could not overcome
the prognostic impact of baseline tumour size
and nodal status which led to higher subse-
quent relapse compared with patients with
small tumors at diagnosis and negative axillary

nodes [21]. Such findings highlight that the risk
of disease recurrence may still remain high
(between 10 and 30%) even in those patients
who achieve a pCR. In fact, the traditional poor
prognostic features at baseline remain determi-
nant even after a pCR. Of note, Loibl et al.
reported that there is no clear evidence that the
relative impact of unfavourable features (cT3–4
or N?) differs between patients with or without
a pCR.

USE OF NERATINIB
IN THE EXTENDED ADJUVANT
SETTING

The current understanding of pathways causing
breast cancer recurrence has been previously
described in detail elsewhere [22]. In brief,
breast cancers localised at the primary breast
location which are treated early can still relapse
due to the existence of cancer stem cells and
transformation of cancer cells into a relatively
aggressive phenotype. This recurrence of breast
cancer is a major clinical concern and repre-
sents the principal cause of breast cancer-related
deaths. A treatment strategy to further improve
survival benefit with trastuzumab is needed.

For patients with HER2? breast cancer,
recurrence patterns may differ in HR? and HR-
subgroups. Romond et al. reported relapse pat-
terns according to HR status in patients with
EHBC based on data from the two parallel reg-
istration clinical studies of trastuzumab plus
paclitaxel after anthracycline chemotherapy for
the adjuvant treatment of patients with HER2?
breast cancer (NSABP-B-31 and NCCTG-N9831)
[23]. For patients with HR? disease, the recur-
rence risk continues to proportionally increase
over time, while for patients with HR- disease,
the relapse risk remains highest at an early stage
after which it decreases proportionally over 7
years to a point where distant recurrence from
breast cancer appears unlikely.

The concept of escalating adjuvant therapy
for EHBC is that non-cross-resistant treatment
administered in combination or sequentially
with the standard trastuzumab-based adjuvant
therapy may result in improved clinical out-
comes [24]. Extended adjuvant therapy is one of
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the possible escalating approaches which pro-
longs the duration of adjuvant treatment.

Neratinib is an oral, small molecule TKI,
targeting the HER2 (Fig. 1), HER4, and EGFR
(HER1) kinases [16, 25, 26]. Neratinib binds at
the ATP binding site and produces covalent
modifications that are essentially irreversible
[16]. Kourie et al. reported that neratinib is
partially non-cross-resistant with trastuzumab
[26].

The Phase III ExteNET study assessed the
efficacy and safety of oral neratinib as extended
adjuvant therapy in patients with EHBC who
had completed adjuvant therapy with trastu-
zumab (including adjuvant or neoadjuvant
strategy) [27]. The ExteNET study design is
shown (Fig. 2). The primary efficacy outcome
measure was iDFS, defined as the time between
the dates of randomisation to the first occur-
rence of invasive recurrence (local/regional,
ipsilateral, or contralateral breast cancer), dis-
tant recurrence, or death from any cause within
2 years and 28 days of follow-up in the inten-
tion-to-treat (ITT) population. The ExteNET
study achieved its primary endpoint in the ITT
population and demonstrated that neratinib for
12 months provided a clinically meaningful and

statistically significant reduction in the risk of
disease recurrence at 2 years when given after
chemotherapy and trastuzumab-based adjuvant
therapy [27]; 70 iDFS events were reported with
neratinib compared with 109 iDFS events with
placebo (stratified HR 0.67; 95% CI: 0.50, 0.91;
p = 0.0091). The 2-year iDFS rate was 93.9%
(95% CI: 92.4, 95.2) for patients treated with
neratinib compared with 91.6% (90.0, 93.0) for
those who received placebo. This benefit was
maintained at 5 years [28].

A pre-planned subgroup analysis of iDFS in
the ExteNET study based on HR status showed
that neratinib provided greater benefit to
patients with HR? breast cancer at 2 years (HR
0.51; 95% CI: 0.33, 0.77; p = 0.0013) compared
with HR- disease (HR 0.93; 95% CI: 0.60, 1.43;
p = 0.74) [27]. The higher benefit in HR? dis-
ease was maintained at 5 years [28]. Of note, an
additional prespecified subgroup analysis of
iDFS demonstrated that women who had com-
pleted their last trastuzumab dose[ 12 months
before starting the ExteNET study gained no
significant benefit from extended adjuvant
treatment with neratinib.

Further to combining the observations of
superior benefit in patients who completed
trastuzumab-based adjuvant treatment within
12 months and those with HR? tumours, the
European Medicines Agency requested an addi-
tional analysis in patients with HR? tumours
who started treatment B 1 year of completing
trastuzumab (HR?/ B 1-year population)
(Fig. 3; [29]). Among patients with HR? breast
cancer who started neratinib within 1 year of
completing trastuzumab, there was an absolute
iDFS benefit of 4.5% with neratinib after 2 years
of follow-up (HR 0.49; 95% CI: 0.30, 0.78;
p = 0.002). This treatment benefit with nera-
tinib after 5 years of follow-up was durable with
an absolute iDFS of 5.1% (HR 0.58; 95% CI:
0.41, 0.82; p = 0.002) and a 42% reduction in
the relative risk of relapse. In the exploratory
subset of patients with HR? tumours who star-
ted treatment within 1 year of completing tras-
tuzumab with no pCR after neoadjuvant
therapy, there was an absolute iDFS benefit of
4.6% with neratinib at 2 years (HR 0.64; 95% CI:
0.30, 1.29) and 7.4% at 5 years (HR 0.60; 95%

Fig. 1 Mechanism of action of neratinib on the HER2
pathway. ER oestrogen receptor; HER human epidermal
growth factor receptor; HER2 human epidermal growth
factor receptor 2. Figure reproduced with permission of
Pierre Fabre
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CI: 0.33, 1.07), although these values were not
statistically significant.

Final efficacy data from ExteNET in the
HR?/ B 1-year population post-trastuzumab
were recently published [29]. Improvements in
the neratinib arm were consistently observed
across the study endpoints (iDFS, distant dis-
ease-free survival, OS). Descriptive analyses
suggested that neratinib may be associated with

an absolute 8-year OS benefit of 2.1% (HR 0.79;
95% CI: 0.55, 1.13) in the HR?/ B 1-year pop-
ulation, which is clinically meaningful. More-
over, in the high-risk patient subgroup with
residual disease after neoadjuvant therapy, the
absolute 8-year OS benefit was 9.1% (HR 0.47;
95% CI: 0.23, 0.92), and could be considered as
being highly clinically meaningful, even if this
was an exploratory analysis.

Fig. 2 ExteNET study design [27]. CNS central nervous
system; DCIS ductal carcinoma in situ; DFS disease-free
survival; EQ-5D EuroQoL 5-dimension; ER oestrogen
receptor; FACT-B Functional Assessment of Cancer

Therapy-Prostate; HER2?, human epidermal growth
factor receptor 2-positive; iDFS invasive disease-free
survival; IHC immunohistochemistry; OS overall survival;
PR progesterone receptor

Fig. 3 iDFS for patients with HR? tumours treated with
neratinib B 1 year of completing trastuzumab at 2 years
(a) and 5 years (b) (ExteNET study) [29]. Most patients
(neratinib, 93%; placebo, 95%) were receiving concomitant

endocrine therapy at baseline. HR? hormone receptor-
positive; iDFS invasive disease-free survival. Figures repro-
duced with permission from Clinical Breast Cancer
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Subsequent analysis of CNS recurrence data
in a HR?/ B 1-year population and in a sub-
group of patients of clinical interest in the
ExteNET study has also suggested that neratinib
may reduce the risk of brain metastases [29].
Although the between-group differences did
not reach statistical significance in these patient
subgroups, the cumulative incidence of CNS
recurrence was numerically lower in the nera-
tinib arm at 5 years (0.7% vs. 2.1% with
placebo).

Diarrhoea was the most common treatment
adverse event reported with neratinib in the
ExteNET study [27, 28]. In the absence of pri-
mary anti-diarrhoeal prophylactic measures,
grade 1–2, grade 3, and grade 4 diarrhoea was
reported in 55%, 40%, and\ 1% of patients
who received neratinib (vs. 34%, 2%, and 0%
with placebo) [27]. Episodes of neratinib-asso-
ciated diarrhoea typically appeared during the
first weeks of treatment and lasted a median of
1–2 days per event regardless of severity. Of
note, only one patient experienced grade 4
diarrhoea. Neratinib-related diarrhoea was not
associated with any complications or long-term
sequelae and did not appear to adversely affect
clinical outcomes [30].

Escalating adjuvant therapy in EHBC can
further decrease the risk of recurrence with
number need to treat values of 10, 23, and 33
reported by the KATHERINE, ExteNET, and
APHINITY studies [12, 18, 28], respectively. As
supported by international guidelines, neratinib
represents a valuable solution to further reduce
the risk of recurrence for patients completing
(neo)adjuvant trastuzumab-based standard
treatment [31–33].

ADDITIONAL CONSIDERATIONS
FOR PATIENT MANAGEMENT

While the expansion of treatment options has
improved the prognosis of patients with HER2?
breast cancer, the importance of therapy opti-
misation and patient adherence, along with side
effect management and prophylaxis, to support
treatment success should not be overlooked
[34]. In a recent HER2? breast cancer patient
survey, it was reported that most (93%) patients

are concerned about disease recurrence, with
many patients with HER2? breast cancer stage
I–IIIC (78%) citing the fear of recurrence as their
greatest concern. Patients with EHBC need to be
made fully aware of the expected therapeutic
benefit with any treatment, particularly where
adherence to/persistence with treatment for a
specific time frame appears to provide optimal
therapeutic outcomes. For extended adjuvant
therapy with neratinib following trastuzumab,
patients need to start treatment soon after the
end of trastuzumab therapy and persist with the
full 12 months of neratinib in order to optimise
clinical outcome [35].

Management of Neratinib-Related
Diarrhoea

Diarrhoea is a class effect of the majority of TKIs
[36]. In the ExteNET study, episodes of grade
C 2 severity were short lived, while episodes of
grade 3 diarrhoea were mainly reported in the
first month of treatment [27, 30] (Fig. 4). Of
note, antidiarrhoeal prophylaxis was not speci-
fied in the study protocol. The treatment of
patients with diarrhoea in the ExteNET study
was advised upon symptom manifestation. The
median time to onset for grade C 3 events with
neratinib was 8 days, and for any-grade diar-
rhoea was 2 days [30]. Grade 1 diarrhoea did not
change appreciably over time, affecting about
30% of patients intermittently throughout the
treatment period. The incidence of grade 3
diarrhoea decreased from 28.6% (month 1) to
11.2% (month 2) and was B 6% after month 3.
While neratinib-related diarrhoea was not
associated with any complications or long-term
sequelae, diarrhoea led to neratinib dose
reductions and discontinuation in 26% and
17% of patients, respectively, in the ExteNET
study [27]. This finding suggests that targeted
preventive management with antidiarrhoeal
prophylaxis at an early stage during neratinib
treatment is an appropriate strategy to mitigate
episodes of diarrhoea and support treatment
adherence [30].

Maintaining a positive balance between
treatment benefit and adverse events is of major
importance in early-stage breast cancer. The
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open-label, sequential-cohort, Phase II CON-
TROL study (NCT02400476) is investigating the
effect of different anti-diarrhoeal strategies on
neratinib-associated diarrhoea in patients with
EHBC who completed previous trastuzumab-
based adjuvant therapy less than one year ago,
including pertuzumab and T-DM1. Initial
cohorts included loperamide prophylaxis alone
or with budesonide (a locally acting corticos-
teroid used for inflammatory gastrointestinal
conditions) or colestipol (a bile-acid seques-
trant) combined from the treatment start with
neratinib 240 mg/day full dose. Two additional
cohorts investigating modified neratinib dose-
escalation regimens were subsequently added.
The weekly dose-escalation regimen (DE1) starts
with neratinib administered at 120 mg daily
during week 1, escalated to 160 mg daily during
week 2, and to 240 mg daily starting from week
3 up to 1 year; the bi-weekly dose-escalation
(DE2) starts with 160 mg daily of neratinib for
the first 2 weeks, escalated to 200 mg during
week 3 and 4 to reach the full dose of 240 mg of
neratinib from week 5. In both dose-escalation
cohorts, loperamide is administered as needed
to maximum dose of 16 mg/day. The primary
endpoint of the CONTROL study is the inci-
dence of grade 3 diarrhoea [37]. Final results
from the first 5 cohorts, including the DE1
regimen, recently demonstrated a lower inci-
dence of grade 3 diarrhoea compared with
ExteNET in all cohorts (loperamide 31%,

budesonide plus loperamide 28%, colestipol
plus loperamide 21%, colestipol plus as-needed
loperamide 33%, neratinib weekly dose escala-
tion 8%) [38]. Diarrhoea-related discontinua-
tions were 20% with loperamide use, 11% with
budesonide plus loperamide, 4% with colestipol
plus loperamide, 8% with colestipol plus as-
needed loperamide, while the lowest level (3%)
was reported with DE1. In addition, the median
cumulative duration of grade 3 diarrhoea was
low (2.5 days) with DE1. Decreases in health-
related quality of life did not cross the clinically
important threshold [37]. While the investiga-
tion of DE2 is still ongoing, the future adoption
of neratinib dose-escalation strategies might
reduce the incidence, severity, and duration of
neratinib-associated diarrhoea in the CONTROL
study compared with the ExteNET study [38].

In addition, special attention should be
given to patient nutrition and diet when
receiving neratinib in order to avoid and min-
imise diarrhoea. Eating small frequent meals,
drinking more clear liquids (8–12 glasses per
day, such as water, clear juices, broth, weak
decaffeinated tea, and caffeine-free sports/soft
drinks), and opting for easily digested foods
(low-residue diet, which includes foods such as
bananas, rice, apple sauce, and toast) should be
advised. The patient should also refrain from
consuming caffeine, alcohol, dairy, fat, fibre,
orange juice, grapefruit juice, prune juice, and
spicy foods.

Fig. 4 Diarrhoea over time with neratinib without systematic prophylaxis (ExteNET study) [27,30)]. aOne patient in the
ExteNET study experienced grade 4 diarrhoea
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The Need for Effective Patient-Physician
Communication

A robust physician–patient alliance remains
important to optimise treatment outcomes.
This includes the active contribution of the
patient in therapy, given that patients with
HER2? breast cancer are highly engaged in
treatment planning [34]. Patient–physician
communication should provide the opportu-
nity to discuss available treatment options and
supporting evidence, along with expected out-
comes. In addition, the patient should be fully
informed of any potential treatment side effects
(e.g., diarrhoea) and a robust plan developed to
effectively manage them at an early stage.

REAL-WORLD TREATMENT
PATTERNS IN PATIENTS WITH EHBC
USING NERATINIB AS EXTENDED
ADJUVANT TREATMENT

The current treatment landscape for patients
with EHBC has evolved significantly in the last
few years and the clinical practice in some
countries may currently include the use of two
additional HER2-directed agents (pertuzumab

and trastuzumab emtansine) as trastuzumab-
based therapy, substantially differing from the
patient population eligible for extended adju-
vant treatment with neratinib in ExteNET
study. Despite the efficacy of neratinib in this
setting remaining unknown, neratinib might
represent a potentially non-cross resistant ther-
apy to prevent recurrences in high-risk patients
even after treatment with pertuzumab and/or
trastuzumab emtansine.

Taking into account these therapeutic
advances and acknowledging the different level
of evidence for neratinib use in the different
depicted treatment patterns, Fig. 5 aims to
summarise the possible clinical scenarios for
extended adjuvant consideration, upon inte-
gration with existing treatment guidelines and
careful benefit/risk evaluation on an individual
patient basis (Fig. 5).

SUMMARY

Over the last two decades, EHBCs have transi-
tioned from a disease with a poor prognosis to
one which is more favourable. In patients with
EHBC, initial disease stage and/or response to
neoadjuvant treatment are relevant prognostic
factors to guide the choice of anti-HER2
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Fig. 5 Extended adjuvant therapy with neratinib in
EHBC: possible clinical scenarios [13–16]. EHBC early
HER2? breast cancer; HER2? human epidermal growth
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T-DM1 trastuzumab emtansine

Oncol Ther (2021) 9:297–309 305



strategies. However, an unmet medical need
remains for some patients with HER2? breast
cancers in the adjuvant setting given that
approximately one third of them remain at risk
of disease recurrence and metastasis following
optimal adjuvant therapy. While post-neoadju-
vant T-DM1 is recommended and approved for
the treatment of patients with EHBC who have
residual invasive disease based on data from the
KATHERINE study, disease progression follow-
ing this treatment approach remains a chal-
lenge. In addition, the risk of disease recurrence
may remain high even in those patients who
initially achieve pCR. Neratinib represents a
potential new efficacious solution to address the
remaining risk of recurrence following trastu-
zumab-based (neo)adjuvant therapy and has
demonstrated a manageable safety profile in the
ExteNET study. It is important to note that
extended adjuvant neratinib needs to be initi-
ated soon after the end of trastuzumab therapy
and maintained for the recommended
12 months to optimise treatment outcomes in
patients with HR?/EHBC. As some patients may
initially experience episodes of diarrhoea in the
first month of neratinib use, prophylactic
strategies, and a dose-escalation strategy may be
required to support treatment adherence. The
increasing clinical experience with neratinib in
the real-world clinical setting, together with
ongoing research efforts on diarrhoea preven-
tion and management, will serve to further
improve our knowledge on its safety profile in
the extended adjuvant treatment setting.
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