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Alvin Wong, Richard Bryce, Yining Ye, Bin Yao, Miguel Martin, for the ExteNET Study Group

Summary

Background Neratinib, an irreversible tyrosine-kinase inhibitor of HER1, HER2, and HER4, has clinical activity in
patients with HER2-positive metastatic breast cancer. We aimed to investigate the efficacy and safety of 12 months of
neratinib after trastuzumab-based adjuvant therapy in patients with early-stage HER2-positive breast cancer.

Methods We did this multicentre, randomised, double-blind, placebo-controlled, phase 3 trial at 495 centres in Europe,
Asia, Australia, New Zealand, and North and South America. Eligible women (aged =18 years, or =20 years in Japan) had
stage 1-3 HER2-positive breast cancer and had completed neoadjuvant and adjuvant trastuzumab therapy up to 2 years
before randomisation. Inclusion criteria were amended on Feb 25, 2010, to include patients with stage 2-3 HER2-positive
breast cancer who had completed trastuzumab therapy up to 1 year previously. Patients were randomly assigned (1:1) to
receive oral neratinib 240 mg per day or matching placebo. The randomisation sequence was generated with permuted
blocks stratified by hormone receptor status (hormone receptor-positive [oestrogen or progesterone receptor-positive or
both] vs hormone receptor-negative [oestrogen and progesterone receptor-negative]), nodal status (0, 1-3, or =4), and
trastuzumab adjuvant regimen (sequentially vs concurrently with chemotherapy), then implemented centrally via an
interactive voice and web-response system. Patients, investigators, and trial sponsors were masked to treatment allocation.
The primary outcome was invasive disease-free survival, as defined in the original protocol, at 2 years after randomisation.
Analysis was by intention to treat. This trial is registered with ClinicalTrials.gov, number NCT00878709.

Findings Between July 9, 2009, and Oct 24, 2011, we randomly assigned 2840 women to receive neratinib (n=1420) or
placebo (n=1420). Median follow-up time was 24 months (IQR 20-25) in the neratinib group and 24 months (22-25) in
the placebo group. At 2 year follow-up, 70 invasive disease-free survival events had occurred in patients in the neratinib
group versus 109 events in those in the placebo group (stratified hazard ratio 0-67, 95% CI 0-50-0-91; p=0-0091).
The 2-year invasive disease-free survival rate was 93-9% (95% CI 92-4-95-2) in the neratinib group and 91-6%
(90-0-93-0) in the placebo group. The most common grade 3—4 adverse events in patients in the neratinib group were
diarrhoea (grade 3, n=561[40%)] and grade 4, n=1 [<1%] vs grade 3, n=23 [2%)] in the placebo group), vomiting (grade 3,
n=47 [3%)] vs n=5 [<1%]), and nausea (grade 3, n=26 [2%] vs n=2 [<1%]). QT prolongation occurred in 49 (3%) patients
given neratinib and 93 (7%) patients given placebo, and decreases in left ventricular ejection fraction (=grade 2) in
19 (1%) and 15 (1%) patients, respectively. We recorded serious adverse events in 103 (7%) patients in the neratinib
group and 85 (6%) patients in the placebo group. Seven (<1%) deaths (four patients in the neratinib group and
three patients in the placebo group) unrelated to disease progression occurred after study drug discontinuation.
The causes of death in the neratinib group were unknown (n=2), a second primary brain tumour (n=1), and acute
myeloid leukaemia (n=1), and in the placebo group were a brain haemorrhage (n=1), myocardial infarction (n=1), and
gastric cancer (n=1). None of the deaths were attributed to study treatment in either group.

Interpretation Neratinib for 12 months significantly improved 2-year invasive disease-free survival when given after
chemotherapy and trastuzumab-based adjuvant therapy to women with HER2-positive breast cancer. Longer follow-up
is needed to ensure that the improvement in breast cancer outcome is maintained.

Funding Wyeth, Pfizer, Puma Biotechnology.

Introduction

Up to 20% of patients with breast cancer have
HER2-amplified tumours, which were associated with a
worse prognosis before the introduction of anti-HER2

therapy.' Pivotal trials,>* reported in 2005, showed that
addition of trastuzumab to standard chemotherapy in
patients with HER2-positive early-stage breast cancer
significantly improved their survival. However, up to
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Research in context

Evidence before this study

Addition of trastuzumab to standard chemotherapy
significantly improves overall survival in women with
early-stage HER2-positive breast cancer. However, 23-26% of
women have breast cancer events after a median follow-up of
5-2-8-4 years despite adjuvant trastuzumab. Extended adjuvant
treatment using a small-molecule pan-HER2 tyrosine-kinase
inhibitor, such as neratinib, has been hypothesised to improve
outcomes in this patient group. We searched PubMed between
Jan 1,2000, and Aug 31, 2015, with the search terms
"HER2-positive”, “adjuvant”, and “randomized”. To our
knowledge, only one other trial (HERA) assessed the effect of
24 months of treatment with trastuzumab on improvement of
outcomes beyond current standard of care—namely, 12 months
of trastuzumab. In HERA, the longer duration of trastuzumab
did not improve the primary study endpoint of disease-free

26% of patients will still develop recurrent disease
despite this treatment.>**

Neratinib is an oral, irreversible, tyrosine-kinase
inhibitor of HER1, HER2, and HER4, with proven efficacy
in trastuzumab-treated and trastuzumab-naive patients
with HER2-positive metastatic breast cancer.”® The potent
inhibition of HER2 downstream phosphorylation by
neratinib could render this drug effective despite
development of trastuzumab resistance.” Phase 1 and 2
studies of neratinib in patients previously treated with
anthracyclines, taxanes, and trastuzumab reported that
up to 32% of patients achieved an objective response, and
up to 44% of patients achieved a clinical benefit."*
We designed the ExteNET study to evaluate the efficacy
of extended adjuvant anti-HER2 treatment with
neratinib after trastuzumab-based therapy in patients
with HER2-positive breast cancer.

Methods

Study design and participants

We did this multicentre, randomised, double-blind,
placebo-controlled, phase 3 trial at 495 community-based
and academic institutions in Europe, Asia, Australia,
New Zealand, and North and South America (appendix
p 23). During the study, three different sponsors assumed
responsibility, resulting in three global amendments with
notable changes to study design (appendix p 5). In brief,
at the time of study initiation, the primary study objective
was to assess the effect of 12 months of neratinib versus
placebo on invasive disease-free survival in women with
early-stage HER2-positive breast cancer who had received
trastuzumab and chemotherapy. Key inclusion criteria
included stage 1-3 node-positive and node-negative
(=T1c) tumours in patients who were disease-free up to
2 years after completion of trastuzumab. In updated
results of the NCCTG-N9831 trial (8-4 years of follow-up)
and the BCIRGO006 study (36-5 months of follow-up),>**

survival (defined as invasive and in-situ breast cancer events)
after 8 years of follow-up.

Added value of this study

In our study, 12 months of neratinib significantly improved
2-year invasive disease-free survival compared with placebo
after trastuzumab-based adjuvant therapy in women with
HER2-positive early-stage breast cancer.

Implications of all the available evidence

To our knowledge, neratinib taken for 12 months is the first
therapeutic intervention to significantly improve invasive
disease-free survival beyond trastuzumab-based adjuvant
therapy in women with HER2-positive early-stage breast cancer.
Longer follow-up is essential to ensure that the improvement in
breast cancer outcome is maintained, and to identify patient
subgroups who could benefit the most.

patients with node-negative tumours and those receiving
concurrent trastuzumab-based chemotherapy had lower
rates of recurrence than originally considered in the
ExteNET design. A higher risk of recurrence was also
reported closer to completion of trastuzumab therapy
in these trials. On the basis of these findings, a global
amendment on Feb 25, 2010 (amendment three),
restricted recruitment to higher-risk patients, defined as
those with node-positive disease who had completed
trastuzumab therapy up to 1 year previously.

On Oct 14, 2011, two key changes were made by the
sponsor at the time (amendment nine): cessation of
enrolment and shortening of follow-up from 5 years to
2 years from randomisation. This decision was not made
as a result of predefined futility boundaries having been
met, any interim assessment of efficacy, or because of
safety concerns. The study was continued with this
design until January, 2014, when a global amendment by
the current sponsor restored the primary endpoint of
invasive disease-free survival to the intention-to-treat
population, as defined in the original protocol, but with
the primary analysis being done in all patients at 2 years
of follow-up. Thus, all patients in the intention-to-treat
population who had undergone protocol-specified
treatment and follow-up to 24 months were included in
this primary analysis report. Data collection for disease
events and deaths from 2 years to 5 years after
randomisation was resumed, with ongoing long-term
survival follow-up for consenting patients. Treatment
assignment remained masked before this primary
analysis and the sponsor remains masked to treatment
allocation for overall survival events. Despite the changes
of study sponsors, independent statistical analysis to
inform the Independent Data Monitoring Committee
and the clinical research organisation responsible for
data collection and site monitoring remained consistent
throughout the trial.
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Eligible women were aged 18 years or older (or =20 years
in Japan, based on a Japan-specific protocol amendment
[number one; Aug 3, 2009] introduced at the request
of the Japanese regulatory authority) and had locally
confirmed invasive HER2-positive breast cancer stage 1-3
(amended to 2-3 on Feb 25, 2010 [amendment three];
appendix p 5) without evidence of recurrence. HER2
status was subsequently confirmed centrally (HER2
amplification defined as a ratio of HER2 to CEP17 of 22-2
using PathVysion HER2 DNA dual probe [Abbott
Molecular, Des Plaines, IL, USA]). A CT scan was done in
the presence of clinical symptoms or elevated liver
aminotransferase, and a bone scan was done in the
presence of bone pain or elevated alkaline phosphatase.
Neoadjuvant and adjuvant trastuzumab was completed
up to 2 years (amended to 1 year) before randomisation.
Concurrent adjuvant endocrine therapy for hormone
receptor-positive disease was recommended. Patients
had to have an Eastern Cooperative Oncology Group
performance status of 0 or 1, normal organ function,
and a left ventricular ejection fraction within normal
institutional range. We excluded patients with clinically
significant cardiac, gastrointestinal, or psychiatric
comorbidities, and those who were unable to swallow oral
medications. The study protocol was approved by the
institutional ethics committee at participating sites and
done in accordance with the 2008 Declaration of Helsinki.
All patients provided written informed consent.

Randomisation and masking

Patients were randomly assigned (1:1) to receive
neratinib or matching placebo (visually identical).
The randomisation sequence was generated with
permuted blocks stratified by locally determined
hormone receptor status (hormone receptor-positive
[defined as either oestrogen or progesterone receptor-
positive or both] vs hormone receptor-negative [defined
as oestrogen and progesterone receptor-negative]), nodal
status (0, 1-3, or 24), and trastuzumab adjuvant regimen
(sequentially vs concurrently with chemotherapy), then
implemented centrally via an interactive voice and
web-response system. Patients, investigators, and trial
sponsors were masked to treatment allocation.

Procedures

Placebo or neratinib (Puma Biotechnology, Los Angeles,
CA, USA) 240 mg was taken orally, once daily
continuously. Treatment was given for 12 months unless
disease recurrence or new breast cancer, intolerable
adverse events, or consent withdrawal occurred.
Drug compliance was monitored throughout the study.
Neratinib dose reductions (200 mg, 160 mg, and
120 mg per day) were allowed for toxicity, with treatment
cessation if the lowest dose was not tolerated or if
treatment was interrupted for more than 3 weeks. Dose
reductions were mandated for grade 3 diarrhoea after
resolution to grade 1 or lower within 3 weeks, if a second

episode of grade 3 diarrhoea occurred despite optimum
medical therapy, and in the event of symptomatic grade 2
pneumonitis or interstitial lung disease and other grade 3
non-haematological events after resolution to grade 1 or
lower within 3 weeks. Antidiarrhoeal prophylaxis was not
protocol specified, but treatment for diarrhoea was
advised at its earliest occurrence.

Physical examinations were done at 1 month, every
3 months during year 1, and every 4 months during
year 2. Mammograms were done annually, when
appropriate, and CT or bone scans were done if clinically
indicated. Recurrences were defined clinically, radio-
logically, and, when possible, pathologically. Assessments
of left ventricular ejection fraction (by multigated
acquisition scan or echocardiogram) and 12-lead electro-
cardiograms were done at baseline and months 1, 3, 6, 9,
and 12. Adverse events were graded according to the
National Cancer Institute Common Terminology Criteria,
version 3.0. We assessed patient-reported health-related

3278 patients screened for eligibility |

436 ineligible

A 4

2842 randomly assigned
1581 under the original protocol
1249 afteramendment 3
12 unknown protocol amendment
number

2 excluded
2 assigned twice

-

A 4

| 2840 randomly assigned |

v v

1420 allocated to neratinib

1420 allocated to placebo

1408 received neratinib 1408 received placebo
860 completed 1167 completed
treatment treatment

15 had disease 59 had disease

recurrence recurrence
372 had an adverse 72 had an adverse
event event
121 at request of 69 at request of
patient patient
12 protocol violations 20 protocol violations
4 lost to follow-up 4 lost to follow-up
23 other 17 other
1 missing 12 did not receive placebo
12 did not receive neratinib 3 at patient request
5 at patient request 9 for other reasons
7 for other reasons

v v

1420 included in intention-to-treat 1420 included in intention-to-treat
analysis analysis

v v

1408 included in safety analysis |

1408 included in safety analysis

Figure 1: Trial profile
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quality of life with the EuroQol 5-Dimensions (EQ-5D)
and Functional Assessment of Cancer Therapy-Breast
(FACT-B), version 4, at baseline and months 1, 3, 6, 9,
and 12 (end of treatment).

Outcomes

The primary endpoint was invasive disease-free survival
at 2 years after randomisation where invasive disease
was defined as invasive ipsilateral tumour recurrence,
invasive contralateral breast cancer, local or regional
invasive recurrence, distant recurrence, or death from
any cause (appendix p 13). Patients were censored at the
last assessment within 2 years plus 4 months from
randomisation, allowing a window for assessments
beyond the 2 years. Secondary endpoints were
disease-free survival including ductal carcinoma in situ,
time to distant recurrence, distant disease-free survival,
cumulative incidence of CNS recurrences, overall
survival, and safety. All time-to-event secondary
endpoints were defined as from time of randomisation.
Health-related quality of life was an exploratory
endpoint. Secondary efficacy endpoints are defined in
the appendix p 13.

Statistical analysis

The study was originally designed to enrol 3850 patients
with 90% power to detect a hazard ratio (HR) of
0-7 for invasive disease-free survival, at a two-sided 5%
significance level. In October, 2011, enrolment was
stopped after 2842 patients were randomly assigned and
follow-up truncated to 2 years. Consequently, the 2-year
analysis of invasive disease-free survival was considered
the primary analysis and the power was projected to be

Neratinib group Placebo group
(n=1420) (n=1420)

Region

North America 519 (37%) 477 (34%)

Western Europe, Australia, New Zealand, and South Africa 487 (34%) 532 (37%)

Asia Pacific, eastern Europe, and South America 414 (29%) 411 (29%)
Race

White 1165 (82%) 1135 (80%)

Black 27 (2%) 47 3%)

Asian 188 (13%) 197 (14%)

Other 40 (3%) 41 (3%)
Age (years) 52 (45-59) 52 (45-60)
Age at randomisation (years)

<35 46 (3%) 55 (4%)

35-49 523 (37%) 515 (36%)

50-59 497 (35%) 488 (34%)

=60 354 (25%) 362 (25%)
Menopausal status at diagnosis

Premenopausal 663 (47%) 664 (47%)

Postmenopausal 757 (53%) 756 (53%)

(Table 1 continues on next page)

88%, assuming an HR of 0.667 at a two-sided 5%
significance level. No interim analyses were planned as a
consequence of cessation of recruitment; the current
primary analysis for invasive disease-free survival was
not an event-driven analysis.

Efficacy analyses, including analyses of the primary
and secondary endpoints, were done in the
intention-to-treat population, defined as all randomly
assigned patients. We tested time-to-event endpoints
with two-sided log-rank tests stratified by randomisation
factors. Although an unstratified analysis was stated in
the protocol, it was revised to a stratified analysis in the
statistical analysis plan before unmasking, so that the
primary analysis was consistent with the stratified design
of the trial. We used stratified Cox proportional-hazards
models to estimate HRs with 95% CIs. We used
Kaplan—Meier methods to estimate 2-year survival rates.
Cumulative incidence in competing-risks analysis was
done for CNS recurrences and Gray’s test was used to
compare treatments. Prespecified subgroup analyses,
including the amended intention-to-treat subgroup
of higherrisk patients (defined as all patients with
node-positive disease and who were randomly assigned
within 1 year of completing previous trastuzumab), were
done using the same statistical methods as described
above, with the analysis of the amended intention-to-treat
subgroup considered a sensitivity analysis. Safety
analyses were done in the safety population, defined as
all patients who received at least one dose of study
treatment. We compared changes from baseline in
quality-of-life scores with ANCOVA, with baseline score
as a covariate. Adjusted mean differences and 95% Cls
were provided. An Independent Data Monitoring
Committee reviewed the data semi-annually. We did
analysis with SAS (version 9.2 or later). This trial is
registered with ClinicalTrials.gov, number NCT00878709.

Role of the funding source

The funders of the study designed the trial and were
responsible for data collection, data integrity and
analyses, and data interpretation, with oversight from
the Academic Steering Committee (appendix p 4).
The manuscript was written by the corresponding author,
with input from all members of the Academic Steering
Committee, and with review and input from the funders.
The Academic Steering Committee was responsible for
the final decision regarding manuscript contents and
submission. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results

Between July 9, 2009, and Oct 24, 2011, we randomly
assigned 2842 patients to receive neratinib or placebo;
two patients were allocated twice, thus 2840 patients
(1420 per group) constituted the intention-to-treat
population (figure 1). Baseline characteristics were
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similar between groups (table 1). The median time from
last trastuzumab dose to randomisation was 4-4 months
(IQR 1-6-10-4) in the neratinib group and 4-6 months
(1-5-10-8) in the placebo group (table 1). For patients
recruited according to the original protocol (n=1580), the
median interval between the last trastuzumab dose and
randomisation was 7-1 months (IQR 2-6-14-7) in the
neratinib group and 8-2 months (2:6-14-6) in the
placebo group; for those recruited after the February, 2010
amendment (n=1248), the median interval was
2.5 months (1-3-5-8) and 2-6 months (1-2-5-7),
respectively. The median duration of treatment was
353 days (range 1-406) in the neratinib group and
360 days (4-401) in the placebo group. Median relative
dose intensity was 82% (range 0-3-105-5) in the
neratinib group and 98% (1-1-108-5) in the placebo
group. Median follow-up time was 24 months
(IQR 20-25) in the neratinib group and 24 months
(22-25) in the placebo group. The primary analysis was
done in July, 2014.

2 years after randomisation, patients in the neratinib
group had significantly fewer invasive disease-free
survival events than did those in the placebo group
(70 vs 109 events; stratified HR 0-67, 95% CI 0-50-0-91;
p=0-0091; table 2, figure 2). The HR from unstratified
analysis was 0-68 (95% CI 0-50-0-91; p=0-010).
The 2-year invasive disease-free survival rate was 93-9%
(95% CI 92-4-95-2) in the neratinib group and 91-6%
(90-0-93-0) in the placebo group.

Disease-free survival including ductal carcinoma in
situ was significantly improved in the neratinib
group compared with the placebo group (93-9%
[95% CI 92-4-95-2] vs 91-0 [89-3-92-5]; HR 0-63
[95% CI 0-46-0-84]; p=0-0017; figure 2). There was no
significant difference between groups in either distant
disease-free survival (HR 0-75 [95% CI 0-53-1-04];
p=0-089) or time to distant recurrence (0-71[0-50-1-00];
p=0-054; appendix p 14); the 2-year rates for distant
disease-free survival were 95-1% (95% CI 93-7-96-2) in
the neratinib group versus 93-7% (92-2-94-9) in the
placebo group, and for time to distant recurrence were
95-4% (94-1-96-5) versus 93-9% (92-4-95-0). The 2-year
cumulative incidence of CNS recurrences was 0-91%
(0-49-1-59) in the neratinib group and 1-25%
(0-75-1-99) in the placebo group (p=0-44).

Prespecified subgroup analysis of invasive disease-
free survival showed that neratinib provided greater
benefit to patients with hormone receptor-positive
breast cancer (HR 0-51, 95% CI 0-33-0-77; p=0-0013)
than to those with hormone receptor-negative disease
(0-93, 95% CI 0-60-1-43; p=0-74; P,.uo=0-054;
figure 3). The appendix (p 8) shows Kaplan—-Meier
curves for both subgroups for invasive disease-free
survival and for disease-free survival including ductal
carcinoma in situ. HRs for the amended intention-to-
treat population were similar to those for the
intention-to-treat population (appendix p 9). At the

Neratinib group Placebo group

(n=1420) (n=1420)

(Continued from previous page)
Nodal status*

Negative 335 (24%) 336 (24%)

1-3 positive nodes 664 (47%) 664 (47%)

24 positive nodes 421 (30%) 420 (30%)
Hormone receptor status*

Positive (ER positive, PR positive, or both) 816 (57%) 815 (57%)

Negative (ER and PR negative) 604 (43%) 605 (43%)
Previous trastuzumab regimen*

Concurrent 884 (62%) 886 (62%)

Sequential 536 (38%) 534 (38%)
T stage

T1 440 (31%) 459 (32%)

T2 585 (41%) 555 (39%)

T3 144 (10%) 117 (8%)

Unknown 250 (18%) 288 (20%)

Missing 1(<1%) 1(<1%)
Histological grade of tumour

Undifferentiated or poorly differentiated 670 (47%) 689 (49%)

Moderately differentiated 461 (32%) 416 (29%)

Well differentiated 76 (5%) 65 (5%)

Unknown 213 (15%) 241 (17%)
Previous surgery

Lumpectomy only 468 (33%) 511 (36%)

Mastectomy 951 (67%) 908 (64%)

Missing 1(<1%) 1(<1%)
Previous radiotherapy

Yes 1130 (80%) 1150 (81%)

No 290 (20%) 270 (19%)
Previous neoadjuvant or adjuvant therapyt

Anthracycline only 136 (10%) 135 (10%)

Anthracycline plus taxane 962 (68%) 965 (68%)

Taxane only 318 (22%) 316 (22%)

Non-anthracycline or taxane 4 (<1%) 4 (<1%)
Duration of previous adjuvant trastuzumab therapy (months)+ 11.5(10-9-11.9); 11-4 (10-8-11.9);

n=1413 n=1416

Time from last dose of trastuzumab to randomisation (months) 4-4 (1-6-10-4) 4-6 (1-.5-10-8)
Concomitant endocrine therapy for hormone receptor-positive disease§

Yes 760 (93%) 764 (94%)

Anti-oestrogen only 375 (46%) 347 (43%)

Anti-oestrogen and aromatase inhibitor (sequential) 20 (3%) 34 (4%)

Aromatase inhibitor only 362 (44%) 379 (47%)

Non-anti-oestrogen or aromatase inhibitor 3 (<1%) 4 (<1%)

Data are n (%), median (IQR), or median (IQR); n, unless otherwise specified. ER=oestrogen receptor. PR=progesterone
receptor. *Stratification factor collected from the interactive voice and web-response system. For nodal status, the number
of positive nodes was at the time of initial diagnosis (for patients who received adjuvant therapy) or surgery (for those who
received neoadjuvant therapy). Patients with residual invasive disease in the breast, but node-negative disease or unknown
nodal status in the axilla, after neoadjuvant therapy were included under 1-3 positive nodes. 1 The number of patients who
received neoadjuvant chemotherapy was 342 (24%) in the neratinib group and 379 (27%) in the placebo group.

}Patients with missing or partial dates of trastuzumab administration were not included in the analysis. SPercentage is
based on the number of hormone receptor-positive patients. Tumours were assessed as being ER or PR positive on the basis
of local pathology laboratory cutoffs. There was no protocol specification as to whether a 1% or 10% threshold be used.

Table 1: Baseline characteristics of the intention-to-treat population
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Neratinib group (n=1420)  Placebo group (n=1420)
Any event 70 (5%) 109 (8%)
Local or regional invasive recurrence 8 (1%) 25 (2%)
Invasive ipsilateral breast tumour recurrence 4 (<1%) 4 (<1%)
Invasive contralateral breast cancer 2 (<1%) 5 (<1%)
Distant recurrence* 52 (4%) 73 (5%)
Bone 21 (1%) 21 (1%)
Brain 11 (1%) 15 (1%)
Distant lymph node 6 (<1%) 10 (1%)
Liver 13 (1%) 21 (1%)
Lung 5 (<1%) 12 (1%)
Other 5 (<1%) 2 (<1%)
Other abdominal viscera 0 2 (<1%)
Pleura 1 (<1%) 3 (<1%)
Subcutaneous tissue 1(<1%) 1(<1%)
Unknown 1(<1%) 0
Death without previous recurrence 4 (<1%) 2 (<1%)
Data are n (%). *Patients might have had more than one distant site of recurrence.
Table 2: Invasive disease-free survival events in the intention-to-treat population
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Figure 2: Kaplan-Meier curves for invasive disease-free survival (A) and disease-free survival including ductal
carcinoma in situ (B) in the intention-to-treat population

time of this report, 1705 (60%) of primary tumour
specimens had undergone central HER2 testing. In a
prespecified analysis of patients with centrally
confirmed HER2-positive disease, invasive disease-free
survival was significantly improved in patients in the
neratinib group (n=741) compared with those in the
placebo group (n=722; HR 0-51, 95% CI 0-33-0-77;
p=0-0015; appendix p 10). The appendix (p 10) also
shows Kaplan—-Meier curves for invasive disease-free
survival including ductal carcinoma in situ.

Overall survival data were not mature and there was no
provision in the protocol for any analyses before the
predetermined target number of events being reached.
Overall survival will continue to be monitored by the
Independent Data Monitoring Committee.

At least one dose of study treatment was received by
2816 patients (1408 patients in each group). Table 3
provides a summary of the most common treatment-
emergent adverse events and appendix p 17 shows all
events of grades 3-5. Diarrhoea was the most common
treatment-emergent adverse event in the neratinib group
(table 3). 458 (33%) patients had grade 2 diarrhoea,
561 (40%) patients had grade 3 diarrhoea, and one (<1%)
patient had grade 4 diarrhoea. In the placebo group,
94 (7%) patients had 2 grade diarrhoea, 23 (2%) patients
had grade 3, and no patients had grade 4 diarrhoea.
All other grade 3—4 adverse events occurred in fewer than
4% of neratinib-treated patients, with similar incidence
of non-gastrointestinal events in both groups (appendix).
QT prolongation occurred in 49 (3%) patients given
neratinib and 93 (7%) patients given placebo, and
decreases in left ventricular ejection fraction (= grade 2)
occurred in 19 (1%) and 15 (1%) patients, respectively.
Incidence of interstitial lung disease (n=2 in the neratinib
group vs n=1 in the placebo group), pneumonitis (n=1 vs
n=1), and pulmonary fibrosis (n=1 vs n=2) were similar
between groups. 11 (1%) patients in each group had
second cancers (ie, neoplasms benign, malignant,
and unspecified, including cysts and polyps). Serious
treatment-emergent adverse events occurred in 103 (7%)
patients in the neratinib group and 85 (6%) patients in
the placebo group; the most common serious adverse
events in the neratinib group were diarrhoea (n=22 vs
n=1 in the placebo group), vomiting (n=12 vs n=1),
and dehydration (n=9 vs n=1). Seven (<1%) deaths
(four patients in the neratinib group and three patients in
the placebo group) unrelated to disease progression
occurred after study drug discontinuation. The causes of
death in the neratinib group were unknown (n=2), a
second primary brain tumour (n=1), and acute myeloid
leukaemia (n=1), and in the placebo group were a brain
haemorrhage (n=1), myocardial infarction (n=1), and
gastric cancer (n=1). None of the deaths were attributed
to study treatment in either group. In the neratinib
group, grade 3 diarrhoea occurred after a median of
8 days (IQR 4-33) and lasted a median of 5 days (2-9) per
patient (appendix p 22). Most grade 3 diarrhoea events
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Number of patients Numberof events  Hazard ratio (95% Cl)
Neratinib Placebo

Region of the world :

North America 996 — 23 29 078 (0-45-1-35)
Western Europe, Australia, New Zealand, and South Africa 1019 R S 26 40 0-76 (0-46-1-24)
Asia, eastern Europe, and South America 825 —_—.— 21 40 0-53 (0-31-0-89)
Age at randomisation (years) :

<35 01 — 5 12 0-43 (0-14-1-17)
35-49 1038 —I—-— 30 42 073 (0-45-116)
50-59 985 — 18 34 054 (0-30-0-95)
=60 716 L B 17 21 0-93 (0-48-1.76)
Menopausal status at diagnosis :

Premenopausal 1327 — 42 59 0-73(0:49-1-07)
Postmenopausal 1513 — . 28 50 0-61 (0-38-0-96)
Nodal status :

Negative 671 - 8 11 0-82 (0-32-2-03)
1-3 positive nodes 1328 [ — 31 49 0-66 (0-41-1-02)
=4 positive nodes 841 R 31 49 0-65 (0-41-1-01)
Hormone receptor status :

Positive 1631 — . : 31 65 0-51(0-33-077)
Negative 1209 R S 39 44 093 (0-60-1-43)
Previous trastuzumab regimen

Concurrent 1770 —. 50 67 0-80 (0-56-1-16)
Sequential 1070 — 20 42 0-48 (0-28-0-81)
T stage at diagnosis :

T1 899 = 10 16 0-71(0-31-1:54)
T2 1140 — 26 £ 0-61 (0-37-0-99)
T3 and above 261 - 12 12 0-84 (0-37-1-88)
Unknown 538 — . 2 39 0-68 (0-40-1-14)
Histological grade

Well or moderately differentiated 1018 —a— 20 37 0-49 (0-28-0-84)
Poorly differentiated or undifferentiated 1368 —. 35 56 0-70 (0-46-1-06)
Unknown 454 S 15 16 113 (0-55-2-30)
Previous adjuvant or neoadjuvant therapy

Yes 721 — - 33 49 0-78 (0-50-1-21)
No 2119 —.— 37 60 0-63 (0-41-0-94)
Completion of previous trastuzumab :

<1year 2297 —a— 61 98 0-65 (0-47-0-89)
>1year 543 . 9 1 0-92 (0-37-2:23)
All patients 2840 —a— 70 109 0-67 (0-50-0-91)

I T ; T T 1
0-0 0-5 10 1.5 20 2.5
“+— —>
Favours neratinib Favours placebo

Figure 3: Subgroup analyses of invasive disease-free survival in the intention-to-treat population
The dashed line indicates a hazard ratio of 1-00—the null hypothesis value.

arose in the first month of treatment (appendix p 11).
Diarrhoea led to neratinib dose reductions in 372 (26%) a4ty Ao (e
patients in the neratinib group and eight (1%) patients in Gradel-2  Grade3 Grade 4 Grade12 Grade3  Grade4
the placebo group, hospital ac?lmissi'on ig 20 .(1%) versus Diarthoea 781(55%)  561(40%)  1(<1%) 476(34%) 23(2%) 0
one (<1%) patient, and drug discontinuation in 237 (17%) Nausea 579(41%)  26(%) 0 301Q1%) 2(<1%) 0
patients (discontinued after a median of 20 days 2 3905%)  230% 0 276(20%)  6(<1%) 0
[IQR 9-56]) versus three (<1%) patients (discontinued Vomiting 2203%)  47G%) 0 1078%)  5(<1%) 0
after 241 days [147-305]; appendix p 22). ) Abdominal pain 314(22%)  24(%) 0 141(10%) 3(<1%) O
1.fThE adjusted }rlnean dlf.fe.rsnce é)f c{lanﬁes in quality of Headache 269 (19%) 8aw o 26909% 6(<1%) 0
ife between the neratinib and placebo groups was iiper abaaminal pan ot Ae I e Py Y W
greatest at month 1 for both measures (FACT-B, Rash 205 (15%) S5(a%) 0 000% 0 o
—2-9[95% CI =3-7 to —2-0]; EQ-5D, —2-7 [-3-7 to —1-7]). . . .

) . . . D d appetit 166 (12% 1%) 0 3%) 0 0
Neither difference was deemed clinically important for Me::la:: a:l:: " 157 Eun/; EZD/; o E .,/; 1% O

. . 0 <1% o <1l%

the respective measures. After the first month, the quality eeesp

. . . Dizziness 143 (10%) 3 (<1%) 0 125 (9%) 3 (<1%) 0
of life for patients in both groups recovered towards Arthralad » o o sute  4(aw) o
baseline levels and the difference between groups was rega 84(6%) 2 (<1%) (11%) 4 (<1%)
less pronounced (appendix P 12). Data are n (%). Full adverse events are presented in the appendix (p 16).

There was a difference in attrition rate between the — A -
. . Table 3: Treatment-emergent adverse events occurring in at least 10% of patients in the safety population

two groups, mainly because of early adverse events in
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the neratinib group. A sensitivity analysis assessing the
effect of early dropouts on invasive disease-free survival
yielded results that were consistent with those of the
primary analysis (appendix p 7). Baseline characteristics
were similar in patients who dropped out before
3 months and those who continued beyond 3 months in
both treatment groups (appendix p 15). Withdrawal of
patient consent for any reason other than disease
recurrence occurred at a rate of 0- 4% (five of 1140 patients)
to 4-0% (56 of 1409 patients) per study visit in the
neratinib group, and 0-2% (three of 1343 patients) to
1-1% (15 of 1331 patients) per visit in the placebo group.

Discussion

Our findings show that 12 months of neratinib signi-
ficantly improves invasive disease-free survival in
trastuzumab-treated patients with early breast cancer.
Disease-free survival including ductal carcinoma in situ
was also significantly improved with neratinib compared
with placebo after 2 years, although both distant
disease-free survival and time to distant recurrence were
similar in both groups.

The ability of neratinib to reduce the relapse rate after
1 year of trastuzumab is by contrast with data from the
HERA study,’ the only other published study that sought
to improve outcome beyond current standard of care by
administration of 24 months of trastuzumab. At a
median follow-up of 8 years, findings from the HERA
landmark analysis showed no improvement in the
primary endpoint of disease-free survival (HR 0-99,
95% CI 0-85-1-14; p=0-86) with the extended duration
of trastuzumab therapy.’ Although there were similarities
between the patient populations in HERA and our study,
patients in HERA who remained disease free at
12 months of follow-up were immediately continued on
trastuzumab, whereas more than 50% of patients in our
study had an interval of greater than 4-5 months after
completion of trastuzumab and before initiation of
neratinib. The trials also differed in the proportion of
patients enrolled with node-negative disease (about
32% in HERA and 24% in ExteNET). Importantly, all
patients in HERA received trastuzumab sequentially
after completion of chemotherapy, compared with only
38% of the patients in our study, with the remainder of
our patients receiving trastuzumab concurrently with
chemotherapy. Moreover, in the HERA study, 26% of
patients received both an anthracycline and taxane as
adjuvant chemotherapy, whereas 68% of patients
received both an anthracycline and taxane as adjuvant
chemotherapy in our study. The HERA results were not
affected by hormone receptor status of the primary
tumour, whereas we recorded an early separation
favouring neratinib in hormone receptor-positive
patients at 1 year, which persisted at 2 vyears.
Thus, inherent differences in risk of relapse in each trial
population, and the potentially greater effectiveness of
neratinib in the hormone receptor-positive cohort might

explain the differences in results between the two trials,
and also underlies the importance of the longer follow-up
of patients in our study.

A possible explanation of the improved outcome with
neratinib might be the potent suppression of HER2
signalling through neratinib binding to the cysteine
residue of the catalytic cleft of the HER2 receptor, leading
to irreversible kinase inhibition” HER2-positive breast
cancer cells are an example of so-called oncogenic
addiction to the HER2 pathway, and recurrence of HER2
breast cancer has been suggested to result from cells
escaping the addiction by activation of alternative growth
pathways.” However, both preclinical and clinical studies
have shown that, in circumstances in which trastuzumab
resistance has developed, tumour cells might still remain
addicted to the HER2 pathway.** Findings from our
study would suggest that recurrent tumours remain
addicted to the HER2 pathway, whereby an anti-HER2
drug, which acts on a different target in the same growth
signalling pathway, might result in cancer cell death,
suggesting an absence of cross-resistance with
trastuzumab.”

The finding of a greater benefit in patients with hormone
receptor-positive breast cancer than in those with hormone
receptor-negative disease (With a P, .aion Value of less than
the 0-1 significance level generally used to test for
interaction®) is of particular interest, because results from
other trials, such as NSABP/N9831 and HERA, showed
similar benefits irrespective of hormone receptor status
(HR 0-61 for patients with hormone receptor-positive
disease vs 0-62 for patients with hormone receptor-
negative disease’ and 0-68 vs 0-62,” respectively).
Furthermore, three neoadjuvant trials of anti-HER2
therapy with chemotherapy®* reported greater rates of
pathological complete response and event-free survival in
patients with hormone receptor-negative disease than in
those with hormone receptor-positive disease.

Cross-talk between the oestrogen and HER2 receptors
has been reported Dby several investigators, with
HER2 over-amplification, resulting in resistance to
oestrogen-deprivation therapies.?* A possible explanation
of the apparent benefit in patients with hormone
receptor-positive disease in our study is that neratinib
treatment might result in more effective HER2 blockade
in a trastuzumab-treated environment compared with
continuing with trastuzumab as a result of its different
mechanism of action in irreversibly inhibiting intra-
cellular HER2 downstream phosphorylation and
potentially rendering cells more endocrine-responsive.”
An alternative explanation is suggested from preclinical
studies” in parental and anti-HER2-resistant derivatives.
With use of HER2-positive, hormone receptor-positive cell
lines (BT474) and xenograft models (UACC-812), the main
mechanism for cellular proliferation in trastuzumab-
resistant cells remained HER2 signalling, whereas in
lapatinib-resistant cell lines, oestrogen-receptor activity
was the dominant driver of growth. Thus, neratinib,
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which can inhibit EGFR phosphorylation and EGFR and
HER2 dimerisation (neither process being effectively
suppressed by trastuzumab), has been postulated to
preferentially provide more effective HER2-pathway
inhibition in trastuzumab-resistant patients with hormone
receptor-positive disease than does continuation of
trastuzumab and endocrine treatment."” However, further
studies are needed to confirm this theory.

Recurrences in the CNS following adjuvant trastuzumab
remain an important area of clinical need, as shown in
HERA (in which 47% of patients in the control group and
57% of those who received trastuzumab for 1 year who had
a recurrence, died with CNS disease).” The significantly
lower rates of CNS progression in the NEfERTT trial of
patients with metastatic breast cancer given paclitaxel and
neratinib® suggest that neratinib is an active drug in CNS
disease. Although rates of CNS recurrence did not differ
significantly between groups in our study, ongoing
monitoring for CNS relapse with longer follow-up is an
important goal of the ExteNET trial.

Diarrhoea was the most common side-effect in
patients in the neratinib group, which typifies this class of
drug, as has been reported in trials of neratinib in the
metastatic setting.® Occurrences of diarrhoea were
mostly selflimiting (ie, diminished in subsequent
months without prophylactic antidiarrhoeal medication).
The frequency of initiation of any antidiarrhoeal
medications from months 2 to 12 in patients receiving
neratinib was approximately 30-35% per month.
This adverse event might be attributable to EGFR
involvement in calcium-dependent chloride transport,
such that EGFR inhibition might result in secretory
diarrhoea—the postulated mechanism of neratinib’s
effect.” The severe diarrhoea (grade 3) in patients given
neratinib tended to occur early in the course of treatment,
with the highest incidence reported in cycle 1, after
which point the incidence decreased substantially.
The frequency of grade 3 diarrhoea in the first month of
treatment is likely to be the reason for the worse
quality-of-life scores during this time. In view of the early
occurrence of severe diarrhoea, use of prophylactic
loperamide for the first cycle (ie, 4 weeks) of treatment
would be expected to effectively reduce the rates of severe
diarrhoea and is supported by results of ongoing studies
of neratinib with intensive loperamide prophylaxis
(appendix p 22). Loperamide given during the first month
of treatment with commencement of neratinib has been
shown in several studies to effectively reduce rates of
grade 3 diarrhoea to 0-179,"* and improve the overall
tolerability of the drug. Notably, at the time of ExteNET
study design, management of diarrhoea was instituted
only after the development of symptoms. Routine use of
intensive loperamide prophylaxis during the first month
of neratinib administration is anticipated to abrogate the
incidence and severity of diarrhoea, and is currently being
assessed in an open-label, multicentre, prospective trial
(ClinicalTrials.gov, number NCT02400476).

Another adverse event that has been noted with other
anti-HER?2 drugs is cardiac toxicity—namely, reductions
in left ventricular ejection fraction and congestive heart
failure. Cardiac toxicity with neratinib at the time of this
analysis was minimal, although longer follow-up is
essential to ensure that the improved breast cancer
outcome reported in the study is not at the cost of serious
cardiac toxicity. Patient quality of life deteriorated slightly
during the first cycle of treatment with neratinib,
although this decline was not clinically significant
according to established minimally important differences
in the two quality-oflife measures (FACT-B and
EQ-5D).** Thereafter, quality-of-life scores were similar
in both groups and returned towards baseline.

Despite the three global protocol amendments by the
different sponsors, the 2-year analysis was prespecified
with appropriate type I error control and, although the
truncated follow-up led to a lower powered study, the
HR and statistical significance reported remains
accurate and valid. In particular, the primary analysis
results would not have been changed by the decision to
cease recruitment, because all patients underwent
protocol-mandated follow-up until the 2-year point
of analysis.

We recognise the limitations of the present analysis as
providing an early assessment of treatment benefit.
However, the early reporting of results in itself is not
indicative of a likely loss of effect with longer follow-up.
The clinically significant findings of the HERA, NSABP
B-31/N9831, and MA17 trials were reported at years 1,% 2,7
and 2-4 of follow-up,” respectively, although we clearly
recognise that these studies had prespecified event-driven
endpoints. The importance of long-term follow-up is
recognised, and these results, together with those of the
overall survival analysis, will be reported in accordance
with the statistical plan.

In conclusion, neratinib taken for 12 months after
trastuzumab-containing adjuvant therapy significantly
improved invasive disease-free survival at 2 years in
the intention-to-treat population. Thus, in patients
considered to have a heightened risk of breast cancer
relapse even after adjuvant chemotherapy and
trastuzumab (eg, those with a heavy nodal burden,
younger age, or locally advanced disease at diagnosis),
neratinib could offer additional benefit. With longer
follow-up and elucidation of the mechanism of benefit
in hormone receptor-positive patients, patient subgroups
might be identified who could benefit the most from
extended adjuvant therapy with neratinib.
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