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Neratinib after trastuzumab-based adjuvant therapy in 
HER2-positive breast cancer (ExteNET): 5-year analysis of a 
randomised, double-blind, placebo-controlled, phase 3 trial
Miguel Martin, Frankie A Holmes, Bent Ejlertsen, Suzette Delaloge, Beverly Moy, Hiroji Iwata, Gunter von Minckwitz, Stephen K L Chia, 
Janine Mansi, Carlos H Barrios, Michael Gnant, Zorica Tomašević, Neelima Denduluri, Robert Šeparović, Erhan Gokmen, Anna Bashford, 
Manuel Ruiz Borrego, Sung-Bae Kim, Erik Hugger Jakobsen, Audrone Ciceniene, Kenichi Inoue, Friedrich Overkamp, Joan B Heijns, 
Anne C Armstrong, John S Link, Anil Abraham Joy, Richard Bryce, Alvin Wong, Susan Moran, Bin Yao, Feng Xu, Alan Auerbach, Marc Buyse, 
Arlene Chan, for the ExteNET Study Group* 

Summary
Background ExteNET showed that 1 year of neratinib, an irreversible pan-HER tyrosine kinase inhibitor, significantly 
improves 2-year invasive disease-free survival after trastuzumab-based adjuvant therapy in women with HER2-
positive breast cancer. We report updated efficacy outcomes from a protocol-defined 5-year follow-up sensitivity 
analysis and long-term toxicity findings.

Methods In this ongoing randomised, double-blind, placebo-controlled, phase 3 trial, eligible women aged 18 years or 
older (≥20 years in Japan) with stage 1–3c (modified to stage 2–3c in February, 2010) operable breast cancer, who had 
completed neoadjuvant and adjuvant chemotherapy plus trastuzumab with no evidence of disease recurrence or 
metastatic disease at study entry. Patients who were eligible patients were randomly assigned (1:1) via permuted 
blocks stratified according to hormone receptor status (hormone receptor-positive vs hormone receptor-negative), 
nodal status (0 vs 1–3 vs or ≥4 positive nodes), and trastuzumab adjuvant regimen (given sequentially vs concurrently 
with chemotherapy), then implemented centrally via an interactive voice and web-response system, to receive 1 year 
of oral neratinib 240 mg/day or matching placebo. Treatment was given continuously for 1 year, unless disease 
recurrence or new breast cancer, intolerable adverse events, or consent withdrawal occurred. Patients, investigators, 
and trial funder were masked to treatment allocation. The predefined endpoint of the 5-year analysis was invasive 
disease-free survival, analysed by intention to treat. ExteNET is registered with ClinicalTrials.gov, number 
NCT00878709, and is closed to new participants.

Findings Between July 9, 2009, and Oct 24, 2011, 2840 eligible women with early HER2-positive breast cancer were 
recruited from community-based and academic institutions in 40 countries and randomly assigned to receive 
neratinib (n=1420) or placebo (n=1420). After a median follow-up of 5·2 years (IQR 2·1–5·3), patients in the neratinib 
group had significantly fewer invasive disease-free survival events than those in the placebo group (116 vs 163 events; 
stratified hazard ratio 0·73, 95% CI 0·57–0·92, p=0·0083). The 5-year invasive disease-free survival was 90·2% 
(95% CI 88·3–91·8) in the neratinib group and 87·7% (85·7–89·4) in the placebo group. Without diarrhoea 
prophylaxis, the most common grade 3–4 adverse events in the neratinib group, compared with the placebo group, 
were diarrhoea (561 [40%] grade 3 and one [<1%] grade 4 with neratinib vs 23 [2%] grade 3 with placebo), vomiting 
(grade 3: 47 [3%] vs five [<1%]), and nausea (grade 3: 26 [2%] vs two [<1%]). Treatment-emergent serious adverse events 
occurred in 103 (7%) women in the neratinib group and 85 (6%) women in the placebo group. No evidence of 
increased risk of long-term toxicity or long-term adverse consequences of neratinib-associated diarrhoea were 
identified with neratinib compared with placebo.

Interpretation At the 5-year follow-up, 1 year of extended adjuvant therapy with neratinib, administered after 
chemotherapy and trastuzumab, significantly reduced the proportion of clinically relevant breast cancer relapses—ie, 
those that might lead to death, such as distant and locoregional relapses outside the preserved breast—without 
increasing the risk of long-term toxicity. An analysis of overall survival is planned after 248 events.
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Introduction
During the past decade, several large phase 3 randomised 
trials have established that the addition of 1 year of trast
uzumab to chemotherapy for women with earlystage 
HER2positive breast cancer significantly reduces disease 
recurrences and deaths.1–3 Despite the proven benefits of 

trastuzumab in the adjuvant setting, data from longterm 
followup show that 15–24% of patients’ breast cancers recur 
after a median of 8–11 years.1,2 Furthermore, when analysed 
annually, the risk of relapse in patients with HER2positive 
metastatic breast cancer is greatest during the first 12 months 
after completion of trastuzumab therapy.4

http://crossmark.crossref.org/dialog/?doi=10.1016/S1470-2045(17)30717-9&domain=pdf


Articles

2 www.thelancet.com/oncology   Published online November 13, 2017   http://dx.doi.org/10.1016/S1470-2045(17)30717-9

 and Radiology of Serbia, 
Belgrade, Serbia (Z Tomašević 

MD); Virginia Cancer Specialists, 
Arlington, VA, USA 

(N Denduluri MD); University 
Hospital for Tumors, University 

Hospital Center “Sestre 
milosrdnice”, Zagreb, Croatia 

(R Šeparović MD); Ege University 
Faculty of Medicine, Izmir, 

Turkey (E Gokmen MD); 
Auckland Hospital, Auckland, 

New Zealand 
(A Bashford MBChB), Oncology 

Department, Hospital 
Universitario Virgen del Rocio, 

Seville, Spain 
(M Ruiz Borrego MD); Asan 

Medical Center, University of 
Ulsan College of Medicine, 

Seoul, South Korea 
(Prof S B Kim MD); Department 

of Oncology, Lillebaelt Hospital, 
Vejle, Denmark 

(E H Jakobsen MD); Oncology 
Institute of Vilnius University, 

Vilnius, Lithuania 
(A Ciceniene MD); Breast 

Oncology, Saitama Cancer 
Center, Kita-Adachi, Japan 

(K Inoue MD); Oncologianova 
GmbH, Recklinghausen, 

Germany (F Overkamp MD); 
Department of Medical 

Oncology, Amphia Hospital, 
Breda, Netherlands 

(J B Heijns MD); Department of 
Oncology, Christie Hospital 

Manchester, Manchester, UK 
(A C Armstrong MBChB); 

Breastlink Medical Group Inc, 
Santa Ana, CA, USA (J S Link MD); 

University of Alberta, 
Department of Oncology, Cross 

Cancer Institute, Edmonton, AB, 
Canada (Prof A A Joy MD); Puma 
Biotechnology Inc, Los Angeles, 

CA, USA (R Bryce MBChB, A Wong 
PharmD, S Moran MD, B Yao MS, 

F Xu MS, A Auerbach MS); 
International Drug 

Development Institute, 
Louvain-la-Neuve, Belgium 

(M Buyse ScD); Breast Cancer 
Research Centre–Western 

Australia, Perth, WA, Australia 
(Prof A Chan MD); and Curtin 

University, Perth, WA, Australia 
(Prof A Chan) 

Correspondence to: 
Prof Miguel Martin 

Instituto de Investigación 
Sanitaria Gregorio Marañón, 

Grupo Español de Investigación 
en Cáncer de Mama (GEICAM), 

Centro de Investigación 
Biomédica en Red de Cáncer 

(CIBERONC), Universidad 
Complutense, Madrid, 28007, 

Spain 
mmartin@geicam.org 

Efforts to improve outcomes beyond those achieved with 
1 year of trastuzumab in patients with earlystage 
HER2positive breast cancer are ongoing. Several different 
approaches, including extending the duration of 
trastuzumab to 2 years (HERceptin Adjuvant [HERA] 
trial),5 concurrent or sequential administration of lapatinib, 
a tyrosine kinase inhibitor, with trastuzumab (Adjuvant 
Lapatinib and/or Trastuzumab Treatment Optimisation 
[ALTTO] trial),6 and the addition of bevacizumab, an anti
angiogenic agent, to trastuzumab (Bevacizumab with 
Trastuzumab Adjuvant Therapy in HER2Positive Breast 
Cancer [BETH] trial)7 have all been unsuccessful, with no 
significant diseasefree survival benefit compared with 
1 year of trastuzumab. APHINITY (Adjuvant Pertuzumab 
and Herceptin in Initial Therapy in Breast Cancer) showed 
a significant improvement in invasive diseasefree survival 
at 3 years from the addition of pertuzumab to trastuzumab
based adjuvant therapy;8 however, the 3year re duction in 
the percentage of patients with recurrence or death with 
pertuzumab was only 1% (pertuzumab group, 94%; 
placebo group, 93%).8 Thus, the role of pertuzumab as 
adjuvant therapy in HER2positive breast cancer is a 
matter of ongoing debate.9 1 year of trastuzumab added to 
adjuvant chemotherapy remains the standard of care for 
most patients with earlystage HER2positive breast 
cancer;10,11 however, other phase 3 trials addressing the 
same question are in progress.

Neratinib (Puma Biotechnology, Los Angeles, CA, 
USA) is an irreversible smallmolecule tyrosine kinase 
inhibitor of HER1, HER2, and HER4,12 with established 
singleagent efficacy in trastuzumabpretreated HER2
positive metastatic breast cancer.13,14 The inter national 
phase 3 Extended Adjuvant Treatment of Breast Cancer 
with Neratinib (ExteNET) trial was designed to evaluate 
whether or not 1 year of neratinib given after standard 

trastuzumabbased adjuvant therapy would improve 
outcomes in women with earlystage HER2positive 
breast cancer. The primary analysis from ExteNET at the 
2year followup showed that neratinib significantly 
improved invasive diseasefree survival compared with 
placebo (stratified hazard ratio [HR] 0·67, 95% CI 
0·50–0·91, p=0·0091).15 We report updated efficacy 
findings from a prespecified analysis of ExteNET, after a 
median followup of 5 years. Detailed healthrelated 
qualityoflife and biomarker data from the study will be 
reported separately.

Methods
Study design and participants
ExteNET is a multicentre, randomised, doubleblind, 
placebocontrolled, phase 3 trial designed to investigate 
extended adjuvant therapy with neratinib or placebo 
given for 1 year after standard locoregional treatment, 
trastuzumab, and chemotherapy; the trial design details 
are described in the primary 2year analysis.15 The final 
design of ExteNET comprised three discrete parts: the 
primary efficacy analysis at 2 years (July, 2014);15 the 
sensitivity analysis of efficacy endpoints at 5 years 
(March, 2017), which is the focus of this paper; and the 
analysis of overall survival (to be done after 248 events). 

During the trial, three different funders were involved, 
resulting in three global amendments to the study 
design.15 Pertinent to this paper is global amendment 13 
(January, 2014), which was implemented by the current 
funder to restore the original intention of the study—ie, to 
evaluate the longterm efficacy of neratinib in the 
intentiontotreat population. Because many patients had 
completed the study at 2 years post randomisation, re
consent was required from all patients to implement this 
amendment. Patients who were randomly assigned at 

Research in context

Evidence before this study
We searched PubMed from Jan 1, 2000, to June 30, 2017, using 
the search terms “HER2”, “adjuvant”, “breast”, and 
“randomised”. We identified three randomised trials of systemic 
adjuvant therapy in patients with early-stage HER2-positive 
breast cancer published in English that aimed to improve 
outcomes beyond current standard of care (ie, 1 year of 
trastuzumab). In HERA, 2 years of trastuzumab did not 
significantly improve disease-free survival compared with 1 year 
of trastuzumab after 8 years of follow-up. In ALTTO, lapatinib 
given concurrently with trastuzumab for 1 year, or sequentially 
for 8·5 months after 3 months of trastuzumab, did not 
significantly improve disease-free survival after a median 
follow-up of 4·5 years. In APHINITY, the addition of 
pertuzumab to trastuzumab for 1 year improved 3-year invasive 
disease-free survival (hazard ratio 0·81, 95% CI 0·66–1·00, 
p=0·045) compared with trastuzumab alone, after a median 
follow-up of 45·4 months.

Added value of this study
Long-term patient outcome data after a median follow-up 
of 5 years postrandomisation show that women with 
HER2-positive early-stage breast cancer who received neratinib 
for 1 year after trastuzumab-based adjuvant therapy had 
sustained and significant reductions in the risk of invasive 
disease-free survival compared with patients who received 
placebo.

Implications of all the available evidence
1 year of neratinib after chemotherapy and trastuzumab 
adjuvant therapy significantly reduces the likelihood of clinically 
relevant breast cancer relapse, without a significant risk of 
long-term toxicity in women with early-stage HER2-positive 
breast cancer. Extended adjuvant neratinib after chemotherapy 
and trastuzumab should be considered a new therapeutic 
option for this patient population. An analysis of overall 
survival is planned after 248 events.
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See Online for appendixparticipating sites were asked to provide written informed 
consent to the retrospective collection of data concerning 
recurrent disease events from their medical records for an 
additional 3 years (ie, years 3–5 post randomisation) and 
to the collection of overall survival data.

Women aged 18 years or older (≥20 years in Japan) with 
histologically confirmed stage 2–3c (1–3c in original 
protocol, modified to stage 2–3c in February, 2010) 
HER2positive operable breast cancer were eligible for 
inclusion. HER2 status was tested locally, but subsequently 
confirmed by central testing through the use of PathVysion 
HER2 DNA dual probe (Abbott Molecular, Des Plaines, 
IL, USA; ie, HER2:CEP17 ratio ≥2·2). Hormone receptor 
status had to be known before study entry and was 
determined locally; no protocolspecified threshold for 
defining hormone receptor status was set. We required 
clinical and radiological assessments to be negative for 
recurrences or metastatic disease at the time of study 
entry; assessments included CT, MRI, or ultrasound of the 
abdomen and chest if hepatic transaminases or alkaline 
phosphatase levels were at least twice the upper limit of 
normal, bone scan if symptoms of metastatic bone disease 
were present or alkaline phosphatase levels were at least 
twice the upper limit of normal, or a chest radiograph. 
Neoadjuvant and adjuvant trastuzumab was to be 
completed up to 1 year (2 years in original protocol) before 
randomisation. We required patients 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, gastro intestinal, 
or psychiatric comorbidities, and those who were unable 
to swallow oral medications.

All patients provided written informed consent before 
any protocoldirected procedures were done, and patients 
who reconsented provided written informed consent on 
a new consent form to allow the further collection of 
information (as described earlier). The independent data 
monitoring committee was consistent throughout the 
trial to preserve the integrity of masking, and the 
infrastructure for study conduct and monitoring 
remained in place to preserve the operational consistency 
of the trial. The institutional ethics committee at 
participating sites approved the study protocol and all 
subsequent amendments.

Randomisation and masking
Patients were randomly assigned (1:1) to receive neratinib 
or matching placebo (visually identical). The randomisation 
sequence (1:1) was generated via permuted blocks and 
stratified according to locally determined hormone 
receptor status (hormone receptorpositive [defined as 
either oestrogen or progesterone receptorpositive or both] 
vs hormone receptornegative [defined as oestrogen and 
progesterone receptornegative]), nodal status (0 vs 1–3 vs 
≥4 positive nodes), and trastuzumab adjuvant regimen 
(given sequentially vs concurrently with chemotherapy), 

and was implemented centrally via an interactive voice and 
webresponse system. The study was done in a double
blind manner until the primary analysis (in July, 2014), at 
which time treatment allocation was unmasked to the 
Puma Biotechnology team responsible for this analysis. 
After the primary analysis, the funder established a firewall 
so that the team responsible for the collection of invasive 
diseasefree survival and survival data remained masked to 
treatment allocation, thereby maintaining the integrity of 
the analyses. All investigators, study site personnel, and 
personnel from the funding body were masked to 
treatment allocation during the reconsent process.

Procedures
Patients were given 240 mg of neratinib orally, once per 
day, or matching placebo, in tablet form, continuously for 
1 year, unless disease recurrence or new breast cancer, 
intolerable adverse events, or consent withdrawal occurred. 
No crossover was allowed in the trial. Drug compliance 
was monitored throughout the study. Neratinib dose 
reductions (to 200 mg, 160 mg, and 120 mg per day) were 
allowed for toxicity, with cessation of treatment if the 
lowest dose was not tolerated or if treatment was 
interrupted for more than 3 weeks. Dose reductions were 
recommended for persistent grade 2 diarrhoea, grade 3 
diarrhoea, other grade 3 nonhaematological events, and 
symptomatic grade 2 pneumonitis or interstitial lung 
disease. Adjuvant endocrine therapy for women with 
hormone receptorpositive disease confirmed by local 
assessment was allowed and recommended. Prophylaxis 
for the prevention of neratinibassociated diarrhoea was 
not mandated by the study protocol, but treatment with 
loperamide was advised at the earliest convenience.

Physical examinations were done at 1 month, 
every 3 months during year 1, and every 4 months during 
year 2. During years 1 and 2, mammograms were done 
annually, when appropriate, and CT or bone scans were 
done if clinically indicated. Liver function tests were done 
at months 1, 2, and 3, every 6 weeks thereafter, and as 
clinically indicated. Complete blood counts were done at 
months 1, 2, 3, 4·5, 6, 9, and 12, and as clinically indicated. 
During years 3–5, physical examination and mammogram 
schedules were based on the standard of care, defined by 
the treating physician. Details of recurrent disease events 
and deaths were obtained from the medical records of 
patients who reconsented by the treating institution.

Adverse events were monitored until 28 days after the 
last dose of study drug, and graded according to the 
National Cancer Institute Common Terminology Criteria, 
version 3.0. Thereafter, data on posttreatment serious 
adverse drug reactions were collected in the safety 
database on an ongoing basis; this will continue until the 
final analysis of overall survival is reported.

Outcomes
The primary endpoint was invasive diseasefree survival at 
2year followup, defined as the time from randomisation 
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to first occurrence of invasive ipsilateral tumour 
recurrence, invasive contralateral breast cancer, local or 
regional invasive recurrence, distant recurrence, or death 
from any cause. This definition did not include second 
nonbreast primary events based on feedback from the 
US Food and Drug Administration and European 
Medicines Agency’s European Committee for Medicinal 
Products for Human Use; thus, it differs from the 
standardised efficacy endpoints (STEEP) system 

definition.16 A global amendment (protocol amendment 13) 
was implemented in January, 2014, to evaluate the efficacy 
of neratinib in the intentiontotreat population with 
5 years of followup data: the results of this analysis are 
reported here. Secondary efficacy endpoints were: disease
free survival including ductal carcinoma in situ (defined as 
time from randomisation to the first occurrence of a 
diseasefree survival event or ductal carcinoma in situ 
event); time to distant recurrence (defined as time from 
randomisation to the date of the first distant recurrence or 
death from breast cancer); distant diseasefree survival 
(defined as time from randomisation to the first occurrence 
of distant recurrence or death from any cause); cumulative 
incidence of CNS recurrences (defined as time from 
randomisation to CNS recurrence as first distant 
recurrence—either isolated CNS metastases or those 
diagnosed concurrently with other sites of metastatic 
disease), and overall survival (defined as time from 
randomisation to death). Safety was also a secondary 
endpoint. The primary safety analysis (data cutoff, 
July 7, 2014) is reported in our 2year followup.15 An 
analysis of longterm safety data, which included post
treatment serious adverse events reported after the last 
dose of study treatment plus 28 days until June 23, 2017, 
was also done, and is reported here. 

Patientreported health outcomes and biomarker 
analyses were exploratory objectives and are to be 
reported separately.

Statistical analysis
The study was originally designed to enrol 3850 patients 
with 90% power to detect an HR of 0·7 for invasive 
diseasefree survival, at a twosided 5% significance level. 
In October, 2011, enrolment was stopped after 
2840 patients were randomly assigned and followup was 
truncated to 2 years. Consequently, the 2year invasive 
diseasefree survival analysis was considered the primary 
analysis and the power was projected to be 88%, 
assuming an HR of 0·667 at the twosided 5% significance 
level. The 5year analysis was prespecified in the study 
protocol as a sensitivity analysis to evaluate the durability 
of effect of neratinib therapy on efficacy endpoints related 
to recurrent disease—ie, all efficacy endpoints except for 
overall survival. Overall survival will be tested at a 
twosided 5% significance level with 80% power to detect 
an HR of 0·7 when 248 deaths are reached; all deaths will 
be included in the analysis of overall survival, including 
publicly available death records for patients who did not 
reconsent in accordance with Good Clinical Practice 
guidelines and privacy laws.

We tested timetoevent endpoints with logrank tests 
(twosided p values), and used Cox proportionalhazards 
models to estimate HRs with 95% CIs. We used Kaplan
Meier methods to estimate annual eventfree survival. 
We did analysis by intention to treat, and censored 
patients who did not reconsent for additional followup 
at the date of their last physical examination if disease Figure 1: ExteNET trial profile

1420 allocated to neratinib

1408 received to neratinib

12 did not receive neratinib
 5 at patient’s request
 7 for other reasons

860 completed treatment
548 discontinued treatment
 15 had disease recurrence
 372 had an adverse event
 121 at patient’s request
 12 protocol violations
 4 lost to follow-up
 23 other
 1 missing

1420 included in intention-to-treat 
    analysis

1420 allocated to placebo

1408 received to placebo

12 did not receive placebo
 3 at patient’s request
 9 for other reasons

1167 completed treatment
  241 discontinued treatment
 59 had disease recurrence
 72 had an adverse event
 69 at patient’s request
 20 protocol violations
 4 lost to follow-up
 17 other

1420 included in intention-to-treat 
    analysis

2787 available for re-consent under
 protocol amendment 13

53 died

1392 in placebo group
 1089 re-consent obtained
 303 re-consent not obtained

1395 in neratinib group
 1028 re-consent obtained
 367 re-consent not obtained

2842 randomly assigned

2840 randomly assigned

2 excluded because assigned twice

3278 patients screened for eligibility

436 ineligible
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recurrence did not occur within the 2 years of followup. 
We censored patients without diseasefree survival 
events at the date of their last physical examination that 
occurred within 5 years and 6 months post 
randomisation for all efficacy endpoints, and patients 
with invasive diseasefree survival events after two 
missed assessments (a gap of 8 months during 

years 1 and 2, or 12 months during years 3–5) at the last 
available disease assessment, following guidance from 
the US Food and Drug Administration.17 We did a 
cumulative incidence with competing risks analysis for 
CNS recurrences, and used Gray’s test to compare the 
number of CNS recurrences between treatment groups. 
We stratified analyses in the intentiontotreat 

Intention-to-treat population (n=2840) Re-consented patients (n=2117)

Neratinib (n=1420) Placebo (n=1420) Neratinib (n=1028) Placebo (n=1089)

Age (years) 52 (45–59) 52 (45–60) 52 (45–59) 53 (45–60)

Region

North America 519 (37%) 477 (34%) 326 (32%) 320 (29%)

Western Europe, Australia, New Zealand, and South Africa 487 (34%) 532 (37%) 369 (36%) 432 (40%)

Asia Pacific, eastern Europe, and South America 414 (29%) 411 (29%) 333 (32%) 337 (31%)

Menopausal status at diagnosis

Premenopausal 663 (47%) 664 (47%) 486 (47%) 506 (46%)

Postmenopausal 757 (53%) 756 (53%) 542 (53%) 583 (54%)

Nodal status*

Negative 335 (24%) 336 (24%) 216 (21%) 261 (24%)

1–3 positive nodes 664 (47%) 664 (47%) 506 (49%) 510 (47%)

≥4 positive nodes 421 (30%) 420 (30%) 306 (30%) 318 (29%)

Hormone receptor status*

Positive (ER positive, PR positive, or both) 816 (57%) 815 (57%) 603 (59%) 615 (56%)

Negative (ER and PR negative) 604 (43%) 605 (43%) 425 (41%) 474 (44%)

Previous trastuzumab regimen*

Concurrent 884 (62%) 886 (62%) 621 (60%) 671 (62%)

Sequential 536 (38%) 534 (38%) 407 (40%) 418 (38%)

T stage

T1 440 (31%) 459 (32%) 315 (31%) 359 (33%)

T2 585 (41%) 555 (39%) 431 (42%) 421 (39%)

≥T3 144 (10%) 117 (8%) 104 (10%) 89 (8%)

Unknown 250 (18%) 288 (20%) 178 (17%) 220 (20%)

Missing 1 (<1%) 1 (<1%) ·· ··

Histological grade of tumour

Undifferentiated or poorly differentiated 670 (47%) 689 (49%) 495 (48%) 538 (49%)

Moderately differentiated 461 (32%) 416 (29%) 331 (32%) 311 (29%)

Well differentiated 76 (5%) 65 (5%) 57 (6%) 50 (5%)

Unknown 213 (15%) 241 (17%) 145 (14%) 190 (17%)

Previous surgery ·· ·· ·· ··

Lumpectomy only 468 (33%) 511 (36%) 343 (33%) 392 (36%)

Mastectomy 951 (67%) 908 (64%) 684 (67%) 696 (64%)

Missing 1 (<1%) 1 (<1%) 1 (<1%) 1 (<1%)

Previous radiotherapy

Yes 1130 (80%) 1150 (81%) 830 (81%) 875 (80%)

No 290 (20%) 270 (19%) 198 (20%) 214 (20%)

Previous neoadjuvant or adjuvant therapy†

Yes 1420 (100%) 1420 (100%) 1028 (100%) 1089 (100%)

Trastuzumab 1420 (100%) 1420 (100%) 1028 (100%) 1089 (100%)

Anthracycline only 136 (10%) 135 (10%) 102 (10%) 109 (10%)

Anthracycline plus taxane 962 (68%) 965 (68%) 725 (71%) 762 (70%)

Taxane only 318 (22%) 316 (22%) 198 (19%) 216 (20%)

Non-anthracycline or taxane 4 (<1%) 4 (<1%) 3 (<1%) 2 (<1%)

(Table 1 continues on next page)
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population by randomisation stratification factors, as 
specified in the statistical analysis plan.

We did protocoldefined sensitivity analyses of invasive 
diseasefree survival in the amended intentiontotreat 
population, defined as all patients with nodepositive 
disease and randomly assigned within 1 year of com
pletion of previous trastuzumab therapy—ie, high risk 
patients. We also did subgroup analyses prespecified in 
the statistical analysis plan to examine the effects of 
stratification factors and other baseline factors of interest 
on treatment effect; we used tests for interaction to 
assess the homogeneity of treatment effects across 
different subgroups. We did safety analyses in the safety 
population, defined as all patients who received at least 
one dose of study drug, and included an analysis of mean 
grade of diarrhoea over time. This analysis was performed 
to better depict the timing, severity, and duration of 
diarrhoea—the primary toxicity associated with neratinib. 
We used SAS statistical software (version 9.2 or later) for 
all analyses. An independent data monitoring committee 
reviewed the data at least twice a year.

This study is registered at 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. The report was written 
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 enrolled a total 
of 2840 eligible women from academic and community
based centres in 40 countries in Europe, North and 
South America, Asia, Australia, and New Zealand 

Intention-to-treat population (n=2840) Re-consented patients (n=2117)

Neratinib (n=1420) Placebo (n=1420) Neratinib (n=1028) Placebo (n=1089)

(Continued from previous page)

Duration of previous adjuvant trastuzumab therapy (months) 11·5 (10·9–11·9); 
n=1413

11·4 (10·8–11·9); 
n=1416

11·5 (10·9–11·9); 
n=1023

11·4 (10·8–11·9); 
n=1086

Time from last dose of trastuzumab to randomisation (months) 4·4 (1·6–10·4) 4·6 (1·5–10·8) 4·5 (1·7–10·4) 4·3 (1·5–10·7)

Concomitant endocrine therapy for hormone receptor-positive tumours‡

No 56 (7%) 51 (6%) 33 (6%) 28 (5%)

Yes 760 (93%) 764 (94%) 570 (95%) 587 (95%)

Anti-oestrogen only 375 (46%) 347 (43%) 294 (49%) 281 (46%)

Anti-oestrogen and aromatase inhibitor (sequential) 20 (3%) 34 (4%) 31 (5%) 31 (5%)

Aromatase inhibitor only 362 (44%) 379 (47%) 242 (40%) 272 (44%)

Neither anti-oestrogen nor aromatase inhibitor 3 (<1%) 4 (<1%) 3 (<1%) 3 (<1%)

Data are n (%) or median (IQR), unless otherwise specified. Because of rounding, not all percentages add up to 100. 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 taken at the time of initial diagnosis 
(for those who received adjuvant therapy) or surgery (for those who received neoadjuvant therapy). Patients with residual invasive disease in the breast, but node-negative or 
unknown nodal status in the axilla after neoadjuvant therapy, were included in the category of 1–3 positive nodes. †The proportion of patients who received neoadjuvant 
chemotherapy was 25% (n=247) in the neratinib group and 27% (n=282) in the placebo group. ‡Percentage is based on the number of patients with hormone 
receptor-positive tumours. 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 should be used.

Table 1: Baseline demographics and disease characteristics for the intention-to-treat population and re-consented patients (5-year analysis) 

Estimated event-free survival* Hazard ratio (95% CI)† p value‡

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

Invasive disease-free survival 90·2% (88·3–91·8) 87·7% (85·7–89·4) 0·73 (0·57–0·92) 0·0083

Disease-free survival including ductal carcinoma in situ 89·7% (87·8–91·3) 86·8% (84·8–88·6) 0·71 (0·56–0·89) 0·0035

Distant disease-free survival 91·6% (89·8–93·1) 89·9% (88·1–91·5) 0·78 (0·60–1·01) 0·065

Time to distant recurrence 91·8% (90·1–93·3) 90·3% (88·5–91·8) 0·79 (0·60–1·03) 0·078

CNS recurrence 1·3% (0·8–2·1) 1·8% (1·2–2·7) ·· 0·333

Data are % (95% CI), unless otherwise specified. *Event-free rates for all endpoints, except for CNS recurrence for which cumulative incidence is reported. †Stratified Cox 
proportional hazards model. ‡Stratified two-sided log-rank test for all endpoints, except for CNS recurrence for which Gray’s method was used.

Table 2: Efficacy endpoint analyses at 5 years post randomisation in the intention-to-treat population
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(appendix pp 17–26) and randomly assigned them to 
receive neratinib (n=1420) or placebo (n=1420; figure 1). 
2840 patients constituted the intentiontotreat population. 
53 patients had died at the time of the primary analysis 
data snapshot (July 7, 2014), leaving 2787 patients available 
to reconsent to participation after protocol amendment 13 
(January, 2014). At the cutoff date for the 5year analysis 
(March 1, 2017), 2117 (75%) patients had reconsented to 
retrospective collection of data between years 2 and 5, and 
survival data beyond year 5 (1028 patients in the neratinib 
group and 1089 in the placebo group; figure 1). In these 
patients who reconsented, the median frequency of 
standardofcare visits between years 3 and 5 was 
every 6 months (IQR 4–12) in both treatment groups. 
Baseline characteristics were well balanced between treat
ment groups in patients who reconsented, and were also 
similar in the intentiontotreat and reconsented 
populations (table 1). A summary of the baseline biomarker 
status of patients in each treatment group is shown in the 
appendix (p 11).

The median duration of treatment was 353 days 
(IQR 76–363) in the neratinib group and 360 days 
(350–365) in the placebo group. 760 (93%) of 816 patients 
with hormone receptorpositive breast cancer in the 
neratinib group and 764 (94%) of 815 patients in the 
placebo group were receiving concomitant endocrine 
therapy. After 5 years, an estimated 52% of patients in 
the neratinib group and 47% of those in the placebo 
group with hormone receptorpositive tumours were still 
receiving endocrine therapy (according to a KaplanMeier 
analysis of endocrine therapy duration); the small 
difference between the groups is probably due to more 
recurrences in the placebo group, after which endocrine 
therapy would have been discontinued and standard 
firstline therapy with a chemotherapy plus trastuzumab
containing regimen for metastatic disease initiated.

At the cutoff date (March 1, 2017), the median duration 
of followup was 5·2 years (IQR 2·1–5·3) in the 
intentiontotreat population (5·2 years [2·1–5·3] in the 
neratinib group; 5·3 years [2·2–5·3] in the placebo 
group). 885 (62%) patients in the neratinib group and 
927 (65%) patients in the placebo group had at least 5 years 
of followup.

In the intentiontotreat population, at 5 years after 
randomisation, patients in the neratinib group had 
significantly fewer invasive diseasefree survival events 
than patients in the placebo group (116 vs 163 events; 
stratified HR 0·73, 95% CI 0·57–0·92, p=0·0083; table 2). 
The 5year invasive diseasefree survival was 90·2% 
(95% CI 88·3–91·8) in the neratinib group and 87·7% 
(85·7–89·4) in the placebo group. The KaplanMeier 
curves for invasive diseasefree survival separated after 

Figure 2: Invasive disease-free survival in the intention-to-treat population 
(A), patients with hormone receptor-positive breast cancer (B), and patients 

with hormone receptor-negative breast cancer (C)
HR=hazard ratio.
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approximately 3 months and remained separated for the 
rest of the 5year followup (figure 2). We censored patients 
without invasivediseasefree events at the time of the last 
disease assessment; the number of patients censored 
within 6 months of randomisation was 97 in the neratinib 
group and 35 in the placebo group. Invasive diseasefree 
survival events by site of first occurrence are summarised 
in table 3. The reductions in distant recurrence and local 
and regional recurrence events in the neratinib group 
compared with the placebo group (91 [6·4%] vs 111 [7·8%] 
and 12 [0·8%] vs 35 [2·5%]) were of particular note. 
Information about the site of relapse (local vs regional) 
and pathohistological characteristics of recur rences was 
not collected. The proportional hazards assumption did 
not seem to hold, based on testing the cumulative sum of 
Martingalebased residuals,18 so an exploratory analysis 
was done to estimate the difference in restricted mean 
invasive diseasefree survival time over the 5year period. 
The restricted mean invasive diseasefree survival times 
were 56·5 months (95% CI 55·9–57·2) in the neratinib 
group (mean loss of 3·5 months from a total of 60 months) 
and 55·2 months (54·4–55·9) in the placebo group (mean 
loss of 4·8 months from a total of 60 months). The 
betweengroup difference was 1·3 months (95% CI 
0·3–2·3, p=0·0085). The result was supportive of the 
main primary analysis with the logrank test.

Diseasefree survival, including ductal carcinoma in 
situ, was significantly improved in the neratinib group 
compared with the placebo group, whereas distant 
diseasefree survival (appendix p 5) and time to distant 
recurrence were not (table 2). 16 (1%) of 1420 patients in 
the neratinib group and 23 (2%) of 1420 patients in the 

placebo group had CNS events as the first distant 
recurrence; the 5year cumulative incidence of CNS 
events was 1·3% (95% CI 0·8–2.1) in the neratinib group 
and 1·8% (1·2–2·7). in the placebo group (p=0·333). 
Overall survival data are not yet mature (estimated 
maturation date: quarter 3, 2019).

According to predefined sensitivity analyses, the HR 
for the highrisk amended intentiontotreat population 
(those with nodepositive disease and randomised 
within 1 year of previous trastuzumab therapy) was 
similar to that seen in the intentiontotreat population 
(HR 0·70, 95% CI 0·54–0·92, p=0·010; appendix p 6). In 
a separate posthoc exploratory analysis of 2year invasive 
diseasefree survival in patients who reconsented only 
(n=2117 in total [n=1028 in the neratinib group and 
n=1089 in the placebo group]), the HR (unstratified) was 
0·64 (0·39–1·02; appendix p 7), which was similar to that 
reported for the intentiontotreat population in the 
primary analysis (stratified HR 0·67, 95% CI 0·50–0·91).15 
The findings from an updated analysis of 2year invasive 
diseasefree survival, the primary study endpoint, are 
presented in the appendix (p 12).

A forest plot of the subgroup analysis in the 
intentiontotreat population is shown in figure 3. The 
findings were consistent with the intentiontotreat 
population for most patient subgroups (ie, point estimates 
were <1; figure 3). In the subgroup of 1631 patients with 
hormone receptorpositive disease, the HR for invasive 
diseasefree survival in the neratinib group compared 
with the placebo group was 0·60 (95% CI 0·43–0·83; 
figure 2B), whereas in the 1209 patients with hormone 
receptornegative disease, the HR for invasive diseasefree 
survival was 0·95 (0·66–1·35; figure 2C).

We also compared invasive diseasefree survival 
between the subgroup of patients who initiated neratinib 
within 1 year of completing adjuvant therapy with 
trastuzumab (n=2297; HR 0·70, 95% CI 0·54–0·90) 
versus those who initiated neratinib more than 1 year 
after completing trastuzumab (n=543, including 
11 patients who initiated neratinib more than 2 years 
after completing trastuzumab; HR 1·00, 95% CI 
0·51–1·94; figure 3, appendix p 8). A subgroup analysis 
in patients who initiated neratinib within 1 year of 
completing adjuvant therapy with trastuzumab is shown 
in the appendix (p 9).

The safety population included 2816 patients who 
received at least one dose of study treatment 
(1408 patients in each group). The primary safety 
analysis is reported in our 2year followup.15 In brief, the 
most common grade 3–4 adverse events at the 2year 
followup in the neratinib group were diarrhoea 
(561 [40%] grade 3 and one [<1%] grade 4 with neratinib, 
vs 23 [2%] grade 3 with placebo), vomiting (grade 3: 47 
[3%] vs five [<1%]), and nausea (grade 3: 26 [2%] vs two 
[<1%]; table 4). The mean daily grade of diarrhoea, 
according to the National Cancer Institute Common 
Terminology Criteria, in the neratinib group reached a 

Neratinib 
(n=1420)

Placebo 
(n=1420)

Any invasive disease-free survival event 116 (8%) 163 (11%)

Local or regional invasive recurrence 12 (1%) 35 (2%)

Invasive ipsilateral breast tumour 
recurrence

5 (<1%) 7 (1%)

Invasive contralateral breast cancer 4 (<1%) 11 (1%)

Distant recurrence* 91 (6%) 111 (8%)

Bone 31 (2%) 31 (2%)

Brain 15 (1%) 17 (1%)

Distant lymph node 11 (1%) 18 (1%)

Liver 24 (2%) 24 (2%)

Lung 14 (1%) 25 (2%)

Other 11 (1%) 6 (<1%)

Other abdominal viscera 0 2 (<1%)

Pleura 1 (<1%) 7 (1%)

Subcutaneous tissue 2 (<1%) 1 (<1%)

Unspecified 1 (<1%) 0

Death without previous recurrence 4 (<1%) 5 (<1%)

Data are n (%). *Event types are not mutually exclusive.

Table 3: Site of first invasive disease-free survival event in the 
intention-to-treat population
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max imum of approximately 1·03 (SD 0·92) at day 4 of 
treatment, before decreasing steadily to less than 0·37 
(SD 0·60) by the end of the 1year treatment period. For 

the placebo group, the mean daily grade reached a 
maximum of 0·06 (SD 0·28) at day 3 of treatment. At 
the end of the 1year treatment period, the average daily 

Figure 3: Subgroup analysis of invasive disease-free survival in the intention-to-treat population
The vertical dashed line indicates a hazard ratio of 1·00—the null hypothesis value. Error bars represent 95% CIs. *Stratification factor.

Region of the world

North America

Western Europe, Australia, and South Africa

Asia, eastern Europe, and South America

Age at randomisation (years)

<35

35–49

50–59

≥60

Menopausal status at diagnosis

Premenopausal

Postmenopausal

Nodal status*

Negative

1–3 positive nodes

≥4 positive nodes

Hormone receptor status*

Positive

Negative

Previous trastuzumab regimen*

Concurrent

Sequential

Race

Asian

White

Black or other

T stage at diagnosis

T1

T2

T3 and above

Unknown

Histology grade

Well or moderately differentiated

Poorly differentiated or undifferentiated

Unknown

Surgery type

Lumpectomy only

Mastectomy

Prior radiotherapy

Yes

No

Prior neoadjuvant therapy

Yes

No

Completion of prior trastuzumab

≤1 year

>1 year

All patients

0·84 (0·55–1·28)

0·78 (0·52–1·14)

0·61 (0·39–0·93)

0·49 (0·19–1·15)

0·80 (0·54–1·17)

0·65 (0·41–1·01)

0·85 (0·53–1·36)

0·74 (0·53–1·04)

0·72 (0·51–1·01)

0·83 (0·41–1·65)

0·75 (0·53–1·06)

0·67 (0·46–0·96)

0·60 (0·43–0·83)

0·95 (0·66–1·35)

0·76 (0·56–1·03)

0·69 (0·47–1·02)

0·55 (0·28–1·04)

0·77 (0·59–1·00)

0·61 (0·13–2·21)

0·88 (0·48–1·57)

0·63 (0·43–0·92)

0·69 (0·34–1·37)

0·83 (0·54–1·27)

0·78 (0·51–1·18)

0·69 (0·49–0·97)

0·81 (0·45–1·44)

0·63 (0·39–1·02)

0·76 (0·58–1·00)

0·73 (0·56–0·94)

0·78 (0·43–1·39)

0·78 (0·54–1·13)

0·73 (0·53–0·99)

0·70 (0·54–0·90)

1·00 (0·51–1·94)

0·73 (0·57–0·92)

Hazard ratio 
(95% CI)

0·1 0·25 0·5 0·75 1 1·25 1·75 2·25

Favours neratinib Favours placebo

0·590

0·544

0·891

0·844

0·063

0·666

0·573

0·715

0·850

0·414

0·893

0·690

0·406

Test of interaction
p value (two-sided)

Neratinib 
group

Events (n)/patients (N) 

Placebo 
group

40/519   46/477

43/487   63/532

33/414   54/411 

 7/46   15/55

47/523   59/515

31/497   48/488

31/354   41/362

   

60/663   81/664

56/757   82/756

   

14/335  19/336

55/664   74/664

47/421   70/420

   

59/816  100/815

57/604   63/605

   

73/884  101/886

43/536   62/534

   

14/188   26/197

99/1165  130/1135

 3/67     7/88

20/440   25/459

45/585   69/555

15/144   18/117

36/251   51/289

   

41/537   48/481

56/670   86/698

19/213   29/241

 

26/468   46/511

90/951   117/908

   

96/1130  137/1150

20/290   26/270

   

48/342   69/379

68/1078   94/1041

   

99/1152  145/1145

 17/268   18/275
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grade in the placebo group was 0·04 (SD 0·21; appendix 
p 10). Dose reductions because of treatmentemergent 
adverse events were required in 440 (31%) patients in the 
neratinib group and 35 (2%) of patients in the placebo 
group, and treatment discontinuation because of 
treatmentemergent adverse events occurred in 
388 (28%) patients in the neratinib group and 
76 (5%) patients in the placebo group. 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 versus the placebo group were 
diarrhoea (22 with neratinib vs one with placebo), 
vomiting (12 vs one), and dehydration (nine vs one). 
Deaths reported as grade 5 adverse events were due to 
metastatic breast cancer, including metastases that had 
infiltrated the meninges (n=1), and acute myeloid 
leukaemia (n=1) in the neratinib group, and gastric 
cancer (n=1) in the placebo group. None of the deaths 
were attributed to study treatment in either group.

Reports of unsolicited serious adverse events occurring 
more than 28 days after the last dose of study treatment are 
presented in the appendix (pp 13–15). No evidence 
suggested increased longterm toxicity, specifically sympto
matic cardiac toxicity, or second primary malig nancies in 
the neratinib group compared with the placebo group.

At the time of the 5year analysis, 121 deaths had been 
reported (in both treatment groups combined because 
overall survival data remained masked because the data 
have not yet reached maturity) due to disease progression 
(n=102) or other reasons (n=19; appendix p 16).

Discussion
After a median of 5 years of followup, 1 year of neratinib 
after standard trastuzumabbased adjuvant therapy 
significantly improved invasive diseasefree survival in 

women with earlystage HER2positive breast cancer. The 
5year analysis showed that the superior efficacy of 
neratinib, compared with placebo, was maintained every 
year after randomisation, with a significant reduction in 
the risk of an invasive diseasefree survival event 
after 5 years of followup. The superiority of neratinib over 
placebo was mainly due to reductions of distant and local 
or regional relapses (excluding those in the ipsilateral 
breast). These locoregional recurrences were the first 
invasive diseasefree events detected, and often preceded 
later spread to distant sites. Detailed information about 
the characteristics of recurrences was not collected and 
the reason for the particular pattern of distant relapses 
seen, mainly in the lung, pleura, and distant lymph nodes, 
is uncertain. Diseasefree survival, including ductal 
carcinoma in situ, was also significantly improved with 
neratinib after 5 years of followup, although no significant 
differences were seen in other predefined secondary 
endpoints. Overall survival data are not yet mature.

Neratinib seemed to have a greater effect in patients 
with hormone receptorpositive breast cancer (most of 
whom were receiving concurrent hormone therapy) 
than in those with hormone receptornegative disease. 
At 5 years post randomisation, an improvement in 
invasive diseasefree survival with neratinib in the 
hormone receptor positive subgroup was identified, 
whereas in patients with hormone receptornegative 
disease, neratinib elicited a transient effect that 
diminished after cessation of treatment. The apparent 
efficacy of neratinib in HER2positive, hormone 
receptorpositive tumours, which is not evident with 
other HER2directed agents in the adjuvant setting, 
could be attributable to bidirectional crosstalk between 
oestrogen receptor and HER2 receptor signalling.19 

Clinically, suppression of one pathway can lead to 
activation of the other,20 and inhibition of both pathways 
might be necessary to achieve the best outcomes in this 
patient population. Neratinib is known to inhibit HER2 
signalling,12 and induce oestrogen receptor function in 
HER2positive breast cancer cell lines.21 In a model of 
oestrogen receptorpositive HER2positive xenografts 
after tumour regrowth following treatment with 
trastuzumab and paclitaxel, mirroring the ExteNET 
population, treatment with neratinib and fulvestrant, 
compared with fulvestrant alone, showed prolonged 
complete responses in vivo and preserved sensitivity to 
endocrine therapy after recurrence.22 Our observations 
in patients who were hormone receptorpositive, most 
of whom were receiving concomitant endocrine 
therapy, are consistent with this mechanism.

The dichotomous effect of neratinib by hormone 
receptor status differs from other HER2directed agents 
(eg, trastuzumab, pertuzumab, and lapatinib) in the 
adjuvant setting, the effects of which seem to be 
independent of hormone receptor status or even 
numerically greater in hormone receptornegative 
tumours.1,2,6,8 This observation suggests either an 

Neratinib (n=1408) Placebo (n=1408)

Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4

Diarrhoea 781 (55%) 561 (40%) 1 (<1%) 476 (34%) 23 (2%) 0

Nausea 579 (41%) 26 (2%) 0 301 (21%) 2 (1%) 0

Fatigue 359 (25%) 23 (2%) 0 276 (20%) 6 (<1%) 0

Vomiting 322 (23%) 47 (3%) 0 107 (8%) 5 (<1%) 0

Abdominal pain 314 (22%) 24 (2%) 0 141 (10%) 3 (<1%) 0

Headache 269 (19%) 8 (1%) 0 269 (19%) 6 (<1%) 0

Upper abdominal pain 201 (14%) 11 (1%) 0 93 (7%) 3 (<1%) 0

Rash 205 (15%) 5 (<1%) 0 100 (7%) 0 0

Decreased appetite 166 (12%) 3 (<1%) 0 40 (3%) 0 0

Muscle spasms 157 (11%) 1 (<1%) 0 44 (3%) 1 (<1%) 0

Dizziness 143 (10%) 3 (<1%) 0 125 (9%) 3 (<1%) 0

Arthralgia 84 (6%) 2 (<1%) 0 158 (11%) 4 (<1%) 0

Data are n (%). The table shows grade 1–2 adverse events occurring in at least 10% patients in either group. Grade 5 
events (deaths) were due to metastatic breast cancer, including metastases that had infiltrated the meninges (n=1), 
and acute myeloid leukaemia (n=1) in the neratinib group, and gastric cancer (n=1) in the placebo group.

Table 4: Treatment-emergent adverse events
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interaction between neratinib and hormones, or an 
absence of crossresistance between trastuzumab and 
neratinib in the hormone receptorpositive population. 
The prolongation of HER2 suppression as an alternative 
explanation for the observed benefit is unlikely, given 
that 2 years of trastuzumab treatment was not superior to 
1 year in the HERA trial.5 Discrete patient subgroups 
seem to derive significantly less benefit from trastuzumab 
in the adjuvant setting (ie, HER2positive with increased 
oestrogen receptor expression,23,24 and oestrogen receptor
positive with low HER2 fluroescence insitu hybridisation 
ratio24). Biomarker data from ExteNET might help to 
establish whether neratinib has particular activity in any 
of these subgroups, contributing to the overall better 
result in patients with hormone receptorpositive disease.

The effect of neratinib also seemed to be possibly greater 
in patients who initiated treatment within 1 year of 
completing trastuzumabbased adjuvant therapy than 
those who started neratinib later, although the number of 
events in the latter subgroup was small and the test of 
interaction was far from significant (p=0·406). The 
original study protocol stated that patients should receive 
neratinib within 2 years of their last dose of trastuzumab. 
The protocol was later modified, after the release of the 
NCCTGN9831/NSABP B31 joint analysis 4year followup 
data showing that the risk of relapse was highest in the 
first 12 months after trastuzumabbased adjuvant therapy.4 
Consequently, enrolment into ExteNET was limited to 
patients at high risk, who had completed trastuzumab 
within the year before randomisation. In keeping with the 
rationale for the protocol change, patients who initiated 
neratinib within 1 year of their last dose of trastuzumab 
(81% of the intentiontotreat population) showed an 
improvement in invasive diseasefree survival, whereas 
those who started neratinib later seemed to derive no 
significant benefit from neratinib therapy. Although this 
finding is not statistically compelling, and needs to be 
replicated in other studies, these observations suggest that 
neratinib can be initiated within the first year of 
completing adjuvant trastuzumab to prevent early 
recurrences. These findings are consistent with the 
relapse pattern of HER2positive tumours treated with 
adjuvant trastuzumab, since the relapse rate increases 
soon after the end of trastuzumab therapy.4

Although the proportional hazards assumption did 
not seem to hold in the intentiontotreat population, 
the exploratory invasive diseasefree survival analysis 
with restricted mean survival time provided evidence in 
support of the neratinib treatment effect. The 
prespecified analysis based on the logrank test was 
robust to departure from the proportional hazards 
assumption, and is the valid test on which the study 
conclusion should be drawn. We suggest the findings 
from ExteNET are likely to be broadly generalisable to 
other populations of women with HER2positive breast 
cancer. Furthermore, we acknowledge that the study 
was not powered to detect effects within subgroups, and 

that apparently striking results might be due to chance 
in multiple comparisons. Consequently, the results of 
the subgroup analyses need to be replicated in further 
studies. A central determination of hormone receptor 
status was not done and local criteria for receptor status 
were accepted to classify tumours, although the local 
standard criterion in most countries, including the USA 
and Europe, is a cutoff of 1% for both oestrogen and 
progesterone receptors. These facts could have led to 
the misclassification of a small proportion of tumours; 
however, since hormone receptor status was a 
stratification factor and any misclassified tumours were 
probably equally distributed between treatment groups, 
any consequential bias is unlikely.

Our review of unsolicited serious adverse events 
reported to the safety database provides reassurance that 
a 1year course of neratinib is not associated with 
longterm toxicities, specifically increased symptomatic 
cardiac toxicity or second primary malignancies. 
Furthermore, no serious lateterm conse quences (eg, 
renal insufficiency or chronic intestinal disease) from 
neratinibassociated diarrhoea—the most common 
adverse event associated with neratinib—were evident. A 
structured prophylactic regimen of loperamide with 
neratinib for the first one to two cycles of therapy is being 
actively investigated in the phase 2 CONTROL study 
(NCT02400476),25 and emerging data suggest that 
loperamide prophylaxis reduces the incidence, severity, 
and duration of neratinibassociated diarrhoea, as 
compared with events observed in ExteNET.

Other trials have investigated extended adjuvant 
therapy with HER2directed agents without success. In 
HERA, trastuzumab given for 2 years seemed to 
improve diseasefree survival for the first few years after 
randomisation, compared with 1 year of trastuzumab, 
but showed no benefit at or beyond 5 years.5 TEACH, 
which compared lapatinib with placebo in patients 
who could not receive adjuvant trastuzumab for 
socioeconomic or logistic reasons, was also negative 
after a median followup of around 4 years, although the 
delay to onset of therapy (median time from diagnosis 
to treatment of 2·7 years) was notable.26 So far, only one 
other trial—APHINITY—has shown marginal, but 
significant improvements in invasive diseasefree 
survival compared with 1 year of trastuzumab in women 
with earlystage HER2positive breast cancer. In 
APHINITY, the addition of pertuzumab to trastuzumab 
and chemotherapy for 1 year improved 3year invasive 
diseasefree survival (HR 0·81, 95% CI 0·66–1·00, 
p=0·045), the primary study endpoint, compared with 
trastuzumab plus chemotherapy;8 the effect size was 
apparently smaller than that noted in ExteNET (HR 0.67, 
95% CI 0·50–0·91; p=0·0091) after 2 years.15 
Furthermore, in APHINITY, the improvement in 3year 
invasive diseasefree survival in the hormone receptor
positive subgroup was less than 0·4%, compared with 
1·6% in the hormone receptornegative subgroup.8 This 
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