Therapeutic Advances in Medical Oncology

Review

Neratinib in HER-2-positive breast cancer:
results to date and clinical usefulness

Arlene Chan

Abstract: The management of HER-2-positive breast cancer has improved significantly

with the use of targeted agents to the HER-2 signaling pathway. Despite the improved
survival achieved with the use of trastuzumab and chemotherapy in both the adjuvant and
metastatic setting, patients may still recur or progress; whilst preclinical data demonstrate
that these cancer cells remain addicted to the HER-2 oncogene. Neratinib, an oral small
molecule tyrosine-kinase inhibitor has efficacy in the metastatic and adjuvant setting of
patients who have previously received trastuzumab-based treatment. Diarrhea, being a class
effect of tyrosine-kinase inhibitor, is the most common side effect seen following neratinib
administration, but recent data suggests that a prophylactic loperamide regimen can reduce
the incidence of grade 3 diarrhea. Phase | through to Ill clinical trials of neratinib will be
reviewed, with discussion of the postulated mechanism underlying diarrheal events and its

management.
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Introduction

Breast cancer cells that demonstrate overampli-
fication of the HER-2 oncogene are known to
have increased proliferation rates and cell sur-
vival. Furthermore, preclinical studies have
shown these breast cancer cells demonstrate
‘oncogene addiction’ to this pathway, such that
use of agents successfully inhibiting this pathway
leads to improved clinical outcome [Weinstein
and Joe, 2008]. Trastuzumab, a monoclonal
antibody, was the first agent to be shown to be
effective in this molecular subtype of breast can-
cer and its use in the clinical setting has signifi-
cantly improved survival in patients with
metastatic breast cancer [Olson ez al. 2013], and
importantly, has led to increased overall survival
rates in patients with early breast cancer [Yin
et al. 2011]. Despite the advances in the adju-
vant setting, up to 26% of patients may still
experience a breast cancer relapse as seen in the
longer follow up of the pivotal adjuvant trastu-
zumab trials [Perez et al. 2014; Slamon et al.
2011; Goldhirsch er al. 2013] and thus more
effective anti-HER2 agents are needed.

Neratinib

Neratinib was developed as a noncompetitive
tyrosine kinase inhibitor (TKI) of adenosine
triphosphate (ATDP). It has been shown that cova-
lent binding of neratinib to the cysteine resi-
due-805 in the kinase domain of epidermal
growth-factor receptor (EGFR) and human epi-
dermal growth factor receptor-2 (HER2) leads to
kinase activity inhibition. It is structurally related
to a potent inhibitor of EGFR, EKB-569, but
demonstrates greater inhibition of both EGFR
and HER-2 than EKB-569. The deactivation of
the target tyrosine-kinase enzyme on binding with
neratinib provides irreversible inhibition that per-
sists even when the drug is no longer in the cel-
lular environment [Wissner and Mansour, 2008].

The activity of neratinib, in inhibiting cellular
proliferation, is greatest in cell lines which have
high levels of HER-2 (BT474, SK-Br-3).
However, even in cell lines with HER-2 overex-
pression there will be varying sensitivity to ner-
atinib; which is postulated to relate to the presence
of other HER receptors and their ligands.
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Importantly, pathways downstream of the HER-2
receptor, namely the mitogen-activated protein
kinase (MAPK) and the phosphatidylinositol-3
kinase/Akt, are also inhibited by neratinib.
Further, in BT474 cell lines, cyclin D1 downreg-
ulation and induction of p27 by neratinib leads to
disruption of cell-cycle regulation and cellular
arrest [Rabindran ez al. 2004].

Phase | studies

Authors of an early phase I study of neratinib in 72
patients with solid tumors evaluated the safety and
efficacy in a population of patients with metastatic
cancer which expressed EGFR or HER-2 [Wong
et al. 2009]. Advanced breast cancer patients with
HER-2-positive disease as determined by immu-
nohistochemistry 2+ or 3+ in =10% of cells and
with measurable disease by RECIST (response
evaluation criteria in solid tumors) comprised
40% of the study population. All patients had pre-
viously received and progressed following stand-
ard systemic chemotherapy treatment (proportion
of patients with HER-2 positive breast cancer hav-
ing received prior trastuzumab was not stipu-
lated). In the total population, the maximum
tolerated dose was determined to be 320 mg, as
four patients experienced grade 3 diarrhea at a
daily dose of 400 mg. Pharmacokinetic analyses
showed a mean ¢, of between 3 and 6.5 hours
following a single dose ranging from 40 mg to 400
mg, with a mean elimination half-life of 14 hours
after a 240 mg dose, thus supporting a daily dos-
ing of neratinib. Of 25 evaluable breast cancer
patients, all of whom had previously received tras-
tuzumab, anthracycline and taxane chemother-
apy, a partial response or sustained stable disease
(defined as =24 weeks) was seen in eight (32%)
and one (4%) patients, respectively. There was
measurable reduction in the maximum tumor size
from baseline in 13 (52%) breast cancer patients,
where 11 of 13 patients had tumors which were
HER-2 3+. All patients were evaluable for toxic-
ity, with the most common = grade 3 events being
diarrhea (32%), fatigue (4%) and vomiting (4%).
Frequency of grade 3 or higher diarrhea was dose
related with a 17% incidence at 180 mg and 83%
incidence at 400 mg daily.

RNA interference (RNAIi) studies have provided
supportive evidence for the strong additive effect
of combining neratinib with agents that result in
microtubulin and DNA polymerase inhibition
[Seyhan ez al. 2012]. In SKBR-3 cells, the use of
paclitaxel or vinblastine together with neratinib

led to greater antiproliferative effect than with
either chemotherapy or neratinib alone. This pre-
clinical data led to the development of a phase I/
II study of neratinib and paclitaxel (NP) [Chow
et al. 2013]. In part one of this study, eight
patients with advanced solid malignancy were
treated in a dose-escalation study using a stand-
ard 3 + 3 cohort design to determine the maximal
tolerated dose (MTD). The latter was determined
to be neratinib 240 mg daily plus paclitaxel given
intravenously on a weekly basis at a dose of 80
mg/m? for 3 out of 4 weeks. In part two of this
study, 110 HER-2-positive [defined by fluores-
cent in-situ hybridization (ISH) or immunohisto-
chemistry 3+] advanced breast cancer patients
were treated with MTD, dose determined in part
one, and included 71 patients who had only
received one line of chemotherapy in the meta-
static setting, no prior exposure to lapatinib and
25% had received prior trastuzumab (A), and 31
patients had received no more than three lines of
chemotherapy with or without prior lapatinib and
39% had received prior trastuzumab (B). In those
patients who had received prior trastuzumab, the
time since receipt of trastuzumab was not stated.
The overall objective response (ORR) in the
phase II intent-to-treat population (z = 102) was
71% [95% confidence interval (CI), 60.7-79.2%;
complete response (CR) 7%; partial response
(PR) 64%)]. By investigator assessment in 99
patients who had evaluable disease, the ORR was
73% (95% CI, 62.9-81.2%), comprising seven
CRs, 65 PRs and an overall clinical benefit of
81% (CR, PR and stable disease =24 weeks). An
overall median duration of response of 73 weeks
was achieved in the evaluable patients (77.1
weeks in group A and 56.3 weeks in group B). In
a subset analysis by hormone-receptor status, an
84% ORR (95% CI, 71.2-92.2%) with a median
progression-free survival (PFS) of 64 weeks (95%
CI, 52.1-92.1) was noted in patients with hor-
mone-receptor-positive breast cancer. This was
in contrast to an ORR of 26% (95% CI, 43.2—
73.7%) and median PFS of 47.7 weeks (95% CI,
29.9-91.9) in the hormone-receptor-negative
cohort. The most common all-grade adverse
events seen in the 110 patients were: diarrhea
(92%), neuropathy (51%), alopecia (46%) and
nausea (34%). Grade 3 or 4 diarrhea was seen in
29% with median cumulative duration of diar-
rhea being 35.5 days (range 1-737 days), with no
patients ceasing treatment due to diarrhea. The
study did not observe any unexpected toxicities
that were not previously known to be associated
with either neratinib or paclitaxel monotherapy.
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Extending beyond a doublet combination of NP,
the NSABP have reported results from a phase I
study of neratinib, paclitaxel and trastuzumab.
Key inclusion criteria included HER-2 positivity
by either immunohistochemistry 3+ or gene
amplification by ISH; prior treatment with trastu-
zumab and a taxane, evaluable disease, adequate
organ function and left ventricular ejection frac-
tion =50%. Standard doses of paclitaxel and tras-
tuzumab were administered (80 mg/m? weekly,
for 3 out of 4 weeks and 4 mg/m? loading and
weekly 2 mg/m?, respectively) with three dose-
escalation cohorts of neratinib at 120 mg, 160 mg
and 240 mg daily. Patients receiving 240 mg daily
were assessed as having excessive toxicity and
thus a fourth cohort at 200 mg daily was added to
the study. A total of 21 patients were recruited
over a 55-week period, with 12 patients having
also received prior lapatinib and three patients
having  received  trastuzumab emtansine
(T-DM1). The most frequent grade 3/4 adverse
events seen were diarrhea (38%), electrolyte
imbalance or fatigue (19%), dehydration (14%),
nausea or neutropenia (10%) and stomatitis or
thrombocytopenia (5%). Of 15 patients allocated
to dosing cohorts 120 mg, 160 mg or 240 mg,
eight patients (53.3%, 4 in the 120 mg cohort and
4 in the 160 mg and 240 mg cohorts) experienced
grade 3 diarrhea either during cycles one or two
(n = 6) or subsequent to cycle two (z = 2). With
the implementation of a mandatory loperamide
prophylaxis regimen (4 mg with the first dose of
neratinib, followed by 2 mg every 4 hours during
days 1-3, and 2 mg every 6—8 hours during days
4-21) in patients allocated to the 200 mg cohort,
there were no observed episodes of grade 3 or 4
diarrhea and four of six patients experienced
grade 1 or 2 diarrhea at some time during study
treatment [Jankowitz er al. 2013]. A transient
decline of =10% in left-ventricular ejection frac-
tion from baseline was seen in two patients, with
only one patient experiencing asymptomatic
decline in ejection fraction below 50%, which
recovered without treatment modification. All
patients were asymptomatic and had recovery to
>50% at follow-up assessment. Efficacy in 15
evaluable patients demonstrated an ORR 38%
(CR 2 and PR 6) and overall clinical benefit 52%
(including CR, PR and stable disease =24 weeks).
It should be noted that one of the patients who
experienced stable disease, had known cerebral
metastases which did not progress over the 16
months of treatment. In the 13 patients who had
received two anti-HER-2 agents, 6 patients
achieved either a PR or stable disease. The

response seen together with acceptable toxicity
using a prophylactic loperamide regimen, led this
3-arm combination to be included in the
NSABP-B7 neoadjuvant trial (see below).

Clinical synergism and good tolerability of trastu-
zumab and vinorelbine has previously been
reported [Chan ez al. 2006; Chan, 2007; Andersson
et al. 2011]. Preclinical data suggest additive effi-
cacy with microtubule inhibition and neratinib
[Seyhan ez al. 2012]. On the basis of this evidence,
Awada and colleagues have reported results from
a phase I/II, open-label study of intravenous
vinorelbine 25 mg/m? on days 1 and 8, every 3
weeks, together with successive cohorts of ner-
atinib at 160 mg or 240 mg daily. All patients had
measurable metastatic, HER-2 positive amplified
disease defined by a ratio of =2.0 on fluorescent
or chromogenic ISH, received at least one prior
anticancer treatment including a minimum of 6
weeks of trastuzumab and had normal cardiac
function. A total of 12 patients were included in
the dose-finding phase I study with the MTD
being established as neratinib 240 mg/day plus
vinorelbine 25 mg/m?2 on days 1 and 8. The phase
II component included 79 patients with HER-2-
positive advanced breast cancer where 64 patients
had received only one line of anti-HER-2 therapy
(namely trastuzumab) and 15 (19%) had previ-
ously received lapatinib as well. There was no evi-
dence of pharmacokinetic interaction. Safety data
were reported for all patients (z = 91). The most
frequent grade 3/4 adverse events were neutrope-
nia (46%), where primary prophylaxis with granu-
locyte colony-stimulating factor was not used, and
diarrhea (28%). No decline in left-ventricular
ejection fraction was seen, whilst unspecified, clin-
ically important alteration in electrocardiogram
was reported in eight patients. Independent
tumor-response assessment was possible in 56
patients. An ORR of 41% (95% CI, 28.1-55.0%)
was seen with a clinical benefit rate (as defined
above) of 70%, median duration of response being
52.7 weeks (range 11.6-96.1) and median PFS
was 48 weeks (95% CI, 30.9-65.1). In those
patients who had received prior lapatinib, the
ORR, CBR and median PFS was 8%, 42% and
22.7 weeks (95% CI, 12-14), respectively. The
authors concluded that the tolerability and effi-
cacy seen warranted further evaluation of this
combination [Awada et al. 2013].

Prior to the more recent development of anti-
HER-2 agents such as pertuzumab and T-DM1
that have resulted in significant survival
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improvements [Swain et al. 2013; Verma et al.
2012], lapatinib and capecitabine (LC) were
shown to be effective in trastuzumab-treated met-
astatic HER-2-positive breast cancer patients
[Geyer et al. 2006]. Thus the combination of ner-
atinib and capecitabine was studied and recently
reported in a phase I/II study [Saura et al. 2014].
A total of 33 patients with incurable, advanced
solid malignancy were included in the dose-find-
ing phase I cohort (including 16 breast cancer
and 9 colorectal cancer patients). Following
establishment of the MTD, a further 72 patients
with HER-2-positive advanced breast cancer
(defined as immunohistochemistry 3+ or HER-2
amplified by ISH alone or following an immuno-
histochemistry 2+ result) were treated at the
MTD in the phase II component of the study.
Patients included in the phase II component had
to have received prior trastuzumab therapy for
=6 weeks in the metastatic or locally advanced
setting, as well as received a taxane chemother-
apy. Patients were not permitted to have received
capecitabine previously, a prespecified group of
patients were permitted prior lapatinib, and none
were permitted to have received cumulative
anthracycline dose beyond 400 mg/m? for doxo-
rubicin or 800 mg/m? for epirubicin. Safety and
tolerability were reported collectively for all
patients recruited to phase I and phase II compo-
nents of the study. Dose-limiting toxicities were
seen with grade 4 diarrhea or grade 3 transami-
nase elevation in two patients receiving neratinib
240 mg/day plus capecitabine 2000 mg/m? per
day for the standard 14 days every 3 weeks; and
grade 3 asthenia and appetite or grade 3 diarrhea
in two patients receiving neratinib 200 mg/day
plus capecitabine 2000 mg/m? per day; the MTD
was confirmed to be neratinib 240 mg/day plus
capecitabine 1500 mg/m?. The most commonly
reported all-grade treatment-related adverse
events reported in the entire study cohort (n =
105) were diarrhea (88%), palmar—plantar eryth-
rodysesthesia (48%), nausea (37%), asthenia or
fatigue (37%), vomiting (29%) and anorexia
(26%). Grade 3/4 diarrhea occurred in 50-100%
of patients within each of the dose-escalation
cohorts; and was 26% in the phase II patients.
Cardiovascular adverse events attributable to
treatment included reduction in left-ventricular
ejection fraction =10% in two patients but no
clinical cardiac failure was observed. Antitumor
activity was only assessed in the phase II group
with 68 of the 72 patients being assessable. There
was an ORR of 64% (95% CI, 51-76%) and sta-
ble disease was seen in 8%. Patients who had

received lapatinib previously experienced an ORR
of 57% (95% CI, 18-90%), with one patient
achieving a CR, and stable disease was seen in
14%. The median PFS was 40.3 weeks (95% CI,
30.3-66.0) and 35.9 weeks (95% CI, 18.9-60.1)
in patients who had not received prior lapatinib or
who had, respectively.

Several mechanisms have been put forward to
explain trastuzumab resistance, with upregulation of
the PIBK-AKT-mTOR (phosphatidylinositol
3-kinase, protein kinase B, mammalian target of
rapamycin) pathway being considered an important
pathway (Nahta and Esteva, 2006). The use of tem-
sirolimus (an mTOR inhibitor) given with neratinib
was evaluated in a phase 1/2 trial of 82 metastatic
HER-2-positive breast cancer patients, all of whom
had received prior trastuzumab (Gajria ez al. 2014).
The MTD of temsirolimus 8 mg weekly and ner-
atinib 240 mg daily, was previously determined in 37
patients (group 1). Patients included in the dose-
escalation cohort (group 2, n = 45) underwent
biopsy of the metastatic lesion for biomarker assess-
ment and commenced treatment with the MTD
established for temsirolimus for the first 30 days,
together with neratinib 240 mg daily, and where this
was tolerated, the dose of temsirolimus was increased
to 15 mg weekly. Patients had received a median of
three lines of anticancer treatments previously (range
1-8). Results were available in 31 patients from
group 1 and 27 patients from group 2 (6 and 10
patients, respectively, withdrew consent prior to
tumor assessment and 8 patients in group 2 had not
reached their first tumor assessment). PR was seen in
30% for both groups and stable disease in 43% and
35%, respectively. The duration of response was 3.0
and 7.4 months, with PFS of 4.8 months and not-yet
reached in group 1 and 2, respectively. Activity was
seen in patients who had prior treatment with pertu-
zumab and T-DMI1 and early biomarker analysis
demonstrated responses in patients whose tumors
were shown to have PI3KC or PTEN mutations.

Metastatic breast cancer

Despite the clear improvements in progression-
free and overall survival achieved with the intro-
duction of the first anti-HER-2 agent,
trastuzumab, it is known that despite an initial
response to trastuzumab and taxane therapy in
the first-line metastatic setting, the majority of
patients will ultimately progress [Slamon ez al.
2001; Marty et al. 2005]. The results of the
Cleopatra trial established the superiority of doc-
etaxel, trastuzumab and pertuzumab as first-line
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treatment in 808 patients with centrally con-
firmed HER-2-positive metastatic breast cancer
when compared with the control arm, who
received trastuzumab and docetaxel. There was a
significant overall survival benefit with a hazard
ratio of 0.68 (95% CI, 0.56-0.84, p < 0.001)
[Swain ez al. 2015] and establishes this regimen as
the recommended first-line therapy in the meta-
static setting. However, 50% of patients receiving
the dual anti-HER-2-based regimen will experi-
ence disease progression at 18.5 months. Further,
only approximately 46% and 11% of patients had
received prior adjuvant anthracycline-based
chemotherapy and trastuzumab, respectively,
which raises the question as to the efficacy of this
regimen in patients who relapse in the post-2005
era following the publication of the pivotal adju-
vant trastuzumab trials [Baselga et al. 2012].

In the setting of metastatic progression on trastu-
zumab and chemotherapy, the antibody-drug
conjugate T-DM1 has been shown to provide sig-
nificant survival benefits; both in the first-line
metastatic setting, or following rapid relapse
within 6 months of trastuzumab-based treatment
[Verma ez al. 2012] and after two anti-HER-2
agents [Krop er al. 2014]. The 991 patients
entered into the EMILIA study had uniformly
received trastuzumab and a taxane either within
the period of the previous 6 months in the adju-
vant setting or as first-line treatment in the meta-
static setting. Despite the significant improvement
in PFS in the EMILIA study, the median PFS for
the T-DMI1 cohort was 9.6 months, with an abso-
lute median overall survival gain of 5.8 months
and only 44% of patients achieving an objective
response. In those patients who had received both
trastuzumab and lapatinib in the metastatic set-
ting, there was a significant increase in PFS with
an absolute difference of 2.9 months but with
>70% of patients having progression by 12
months on the study [Krop ez al. 2014]. Although
the development of the pertuzumab and T-DM1
has clearly added effective treatment options to
patients with metastatic HER-2-positive disease,
not all patients respond, and ultimately, disease
progression occurs. Thus, identification of other
effective anti-HER-2 agents is needed. In addi-
tion, these agents may not be readily available or
available as reimbursed therapies in developing
nations, which account for 53% of new cases of
breast cancer annually [GLOBOCAN, 2012].

The first open-label multicenter study with ner-
atinib monotherapy was reported in 2010. In the

study, two cohorts of HER-2-positive (confirmed
by ISH by an independent laboratory) metastatic
breast cancer patients were eligible to receive ner-
atinib 240 mg daily. Cohort A patients (z = 66)
had received prior trastuzumab for at least 6
weeks, either as adjuvant therapy with disease
recurrence occurring (six patients) or in the meta-
static setting after one or two, or more than three
trastuzumab-based regimens, which were 46 and
14 patients, respectively. Cohort B patients (z = 70)
had not received prior trastuzumab therapy and
were either chemotherapy naive in the metastatic
setting (34 patients) or had received up to three
lines of cytotoxic regimens with an anthracycline
(81%), taxane (53%) or both agents (65%)
[Burstein et al. 2010]. A clinical benefit rate
(defined as objective response or stable disease
for =24 weeks) of 33% and 69% was demon-
strated in cohorts A and B, respectively. The pri-
mary objective of 16-week PFS by independent
assessment was 59% (95% CI, 45-71%) and
78% (95% CI, 66—-87%), respectively. Diarrhea
of any grade was the most common adverse event,
occurring in 93% of patients, with 21% of the
events being of grade 3 or 4 severity. The median
time to onset of diarrhea was 2-3 days, with
median duration per episode of diarrhea being
5—7 days. Four patients (three with prior trastu-
zumab exposure) experienced a decline in left-
ventricular ejection fraction below 50%. In total,
two grade 3 cardiac events were reported (atrio-
ventricular block and acute left-ventricular fail-
ure) and considered by the treating physician to
be unrelated to neratinib. Pharmacokinetic stud-
ies in 81 patients, representative of both cohorts,
demonstrated that daily dosing of neratinib
achieved mean trough concentrations greater
than the level required to inhibit autophospho-
rylation of HER-2 in BT474 HER-2 overexpress-
ing cell line [Rabindran ez al. 2004].

Due to poor recruitment, a planned phase III trial
comparing neratinib monotherapy with LC was
modified to a phase II design, with noninferiority
in PFS being the primary endpoint. Eligible
patients had HER-2 positivity confirmed by an
immunohistochemistry score of 3+ or by ISH
testing. Of the 233 patients recruited, 86% of
patients had received two or more lines of prior
anticancer treatment, with all patients having
received trastuzumab previously, with 79% of the
neratinib arm and 68% of the LC arm receiving
trastuzumab in the metastatic setting. During this
study, dose intensity was 100% for neratinib,
95% for lapatinib and 84% for capecitabine. On
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an intent-to-treat analysis, patients receiving ner-
atinib had a median PFS of 4.5 months (95% CI,
3.1-5.7) compared with 6.8 months for LC (95%
CI, 5.9-8.2) resulting in an HR of 1.19 (95% CI,
0.89-1.6), which failed to meet the statistical sig-
nificance for noninferiority that was set at an HR
of 1.15. The most common grade 3 or 4 adverse
effects in patients receiving neratinib were diar-
rhea (28% compared with 10% for LC) and pal-
mar—plantar erythrodysesthesia in 10% of LC
patients (nil for neratinib). The authors con-
cluded that neratinib was not inferior to LC as the
lower margin of the 95% confidence interval was
below one, and that ongoing evaluation of ner-
atinib for HER-2-positive breast cancer was war-
ranted [Martin, 2013].

The results of a phase II randomized controlled
trial evaluating NP against trastuzumab and pacli-
taxel (TP) was reported [Awada ez al. 2016]. This
multicenter study randomized 479 patients with
HER-2-positive (by immunohistochemistry 3+ or
ISH) metastatic or inoperable locally advanced
breast cancer with measurable disease. Patients
with stable central nervous (CNS) metastases
were eligible, and response rate in the brain was a
secondary endpoint, whilst PFS was the primary
endpoint. The PFS of 12.9 months was identical
in both arms (NP, 95% CI, 11.1-14.9, TP, 95%
CI, 11.1-14.8), with an HR of 1.02 (95% CI,
0.81-1.27, p = 0.894). CNS disease was present
in 6 NP and 12 TP patients at baseline. At a
median follow up of 23 months, progressive CNS
disease was seen in 20 (8%) and 41 (17%) of
patients, respectively. Extracranial disease was
controlled in 17 NP and 33 TP patients at the
time of CNS progression. Relative risk of CNS
progression was 0.48 (95% CI, 0.29-0.79,
p = 0.002) in favour of patients receiving NP. The
Kaplan—Meier estimate of time to symptomatic or
progressive CNS disease was significantly longer
in the NP arm, with HR of 0.45 (95% CI, 0.26—
0.78, p = 0.0036). Any grade 3 or 4 adverse event
was seen in 65% and 52% of patients, with diar-
rhea, 5.8% and 4.7%, being the most common
event in NP and TP patients, respectively. Results
from this study did not demonstrate that NP was
superior to TP, but the significantly fewer CNS-
progressive events deserves further evaluation.

Early breast cancer

As up to a quarter of patients who received adju-
vant trastuzumab and chemotherapy may still
experience a breast cancer recurrence, the

ExteNET study was first implemented in 2009 in
an attempt to assess for a reduction in risk of inva-
sive breast cancer recurrences. Authors of this
multicenter phase III trial aimed to evaluate the
efficacy of neratinib given at its recommended 240
mg daily dose for 12 months compared with pla-
cebo in patients who had previously completed
their adjuvant trastuzumab-based treatment,
remained disease free, and were considered at
ongoing risk of recurrence based on tumor stage at
the time of diagnosis. The details of the protocol
amendments during the history of the trial have
been reported recently [Chan ez al. 2016]. Patients
were considered eligible if they had high-risk
node-negative disease, node-positive or residual-
invasive disease following neoadjuvant treatment
(amended to only node-positive patients subse-
quently), completion of adjuvant trastuzumab up
to 24 months earlier (amended to within 12
months subsequently), remained disease free and
had a left-ventricular ejection fraction >50%, nor-
mal organ function and were able to comply with
oral medication. The primary endpoint was inva-
sive disease-free survival (DFS) (iDFS) with sec-
ondary endpoints including DFS for ductal
carcinoma i situ and invasive disease, time to dis-
tant recurrence, distant DFS, cumulative inci-
dence of CNS recurrences, overall survival and
safety. The primary analysis demonstrated a sig-
nificantly superior outcome for patients taking
neratinib with a 2-year iDFS of 93.9% (95% CI,
92.4-95.2%) compared with placebo 91.6% (95%
CI. 90.0-93.0%), translating to an HR 0.67 (95%
CI, 0.50-0.91, p = 0.0091). Secondary endpoints
of ductal carcinoma in situ (DCIS)-DFS were
also superior for the neratinib arm with an HR
of 0.63 (95% CI, 0.46-0.84, p = 0.0017).
Efficacy in several predefined subgroups also
demonstrated significant benefit with neratinib
therapy, including iDFS in patients with hor-
mone-receptor-positive disease with an HR of
0.51 (95% CI, 0.33-0.77, p = 0.0013) and those
with centrally confirmed HER-2-positive disease (n
= 1705) with an HR 0of 0.51 (95% CI, 0.33-0.77, p
= 0.0015). In the absence of a protocol-specified
anti-diarrheal prophylaxis program, 40% of
patients in the neratinib arm reported grade 3 or 4
diarrhea (1 patient had a grade 4 event). The
majority of patients experienced grade 3 diarrhea
in the first 30 days of treatment, with a median
time to onset of 8 days (range 4-33) and a median
duration of 5 days (interquartile range (IQR),
2-9). All other grade 3 or 4 adverse events occurred
in <2% of patients receiving neratinib and there
were no treatment-related deaths. An exploratory
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analysis of iDFS at 3 years of follow up was
reported at the 2015 San Antonio Breast Cancer
Symposium [Chan ez al. 2015]. The iDFS
remained significantly different in favour of the
neratinib arm with an HR of 0.74 (95% CI, 0.56—
0.96). At the time of publication of the primary
analysis, there was no significant difference in dis-
tant DFS and overall survival but long-term fol-
low up continues.

In the neoadjuvant setting, the preliminary find-
ings of the I-SPY2 trial have been reported
[Carlson, 2014]. The significantly higher patho-
logical CR rate in patients randomized to NP
(39%) as compared with TP (23%), has led to the
design of a phase III randomized-controlled trial
to evaluate these two treatment arms.

Early results of the NSABP FB-7 study, which
compared neoadjuvant TP with NP, with both
trastuzumab and neratinib, and paclitaxel (TNP)
in patients with locally advanced breast cancer
was recently reported [Jacobs ez al. 2015]. Patients
with HER-2-positive disease as determined by
immunohistochemistry 3+ score or ISH were
randomized to weekly paclitaxel with trastu-
zumab, neratinib or both trastuzumab and ner-
atinib for 4 months, with all patients then receiving
four cycles of doxorubicin and cyclophosphamide
prior to surgery. Pathological complete response
(pCR) was 50% in the triplet arm in the overall
population compared with 38.1% in trastuzumab
and 33.3% in the neratinib arm. The highest pCR
rates were seen in the hormone-receptor-negative
patients (TNP 73.7%, TP 57.1% and NP 46.2%)
as compared with the hormone-receptor-positive
patients (TNP 30.4%, TP 29.6% and NP 27.6%).
Grade 3 diarrhea occurred in 31% of TNP and
NP patients, with none in TP. A subset of patients
also received loperamide prophylaxis and in these
33 patients from the neratinib-containing arms,
the incidence of grade 3 reduced to between 17%
and 24%.

Toxicity

Diarrhea is the most common side effect seen in
neratinib-treated patients with antagonism of the
EGFR being considered the most likely mode of
action underlying this toxicity. It has been shown
that HER receptors are found in abundance on
the basolateral membranes of epithelial cells of
the intestine and are involved in the normal phys-
iological maintenance of mucosal integrity [Van
Sebille ez al. 2015]. A number of hypotheses have

been suggested to explain the underlying mecha-
nism of diarrhea with administration of oral TKI.
One mechanism relates to inhibition of EGFR,
which then leads to direct mucosal atrophy as a
result of suppressed enterocyte proliferation and
re-epithelialization following injury. A second
hypothesis relates to the role of HER receptors in
intestinal ion transport, whereby HER-receptor
dimerization leads to an inhibitory effect on chlo-
ride secretion and sodium absorption into the
intestinal lumen. Inhibition of HER dimerization
can then lead to an imbalance in translumen ion
and water transport, which results in diarrhea
[Hong ez al. 2014; Van Sebille ez al. 2015].

A pooled analysis of toxicity in 1468 lung cancer
patients receiving EGFR-TKI in 21 trials con-
ducted between 2006 and 2014 demonstrated an
incidence of grade 3 or more diarrhea occurring
in 0-33% of patients. Patients treated with
afatinib had significantly higher rates of severe
diarrhea when compared with those in trials eval-
uating gefitinib or erlotinib. The authors con-
cluded that the higher affinity for the kinase
domain of EGFR, and the sustained irreversible
inhibitory effect of afatinib explained the greater
severity of diarrhea with this agent [Takeda ez al.
2015]. Lapatinib has been evaluated in the neo-
adjuvant, adjuvant and metastatic settings of
patients with HER-2-positive breast cancer. The
rates seen in the neoadjuvant setting without con-
comitant chemotherapy may provide the most
accurate incidence of drug-related diarrhea, as
patients are less likely to be on concomitant medi-
cations or experience myelosuppression with
associated gastrointestinal infection. The use of
neoadjuvant lapatinib was evaluated in the neo-
ALTTO study, where 455 patients with HER-2-
positive breast cancer, with tumors measuring
more than 20 mm in size were randomized to
lapatinib, trastuzumab or the combination. The
incidence of all-grade diarrhea in the neoALLTO
trial patients was 79%, with 23% of patients expe-
riencing a grade 3 or 4 event [Azim et al. 2013].
One quarter of patients required dose reduction
due to diarrhea and 5% discontinued treatment.

The frequency of diarrhea in published trials of
neratinib with or without chemotherapy (21—
40%, Table 1) has shown that the onset of severe
diarrhea most commonly occurs in the first month
of treatment and is generally of a short duration
per episode (<7 days, Table 1). The incidence of
diarrhea in clinical trials of neratinib in which no
antidiarrheal prophylaxis was given compared
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Table 1. Incidence of diarrhea in neratinib trials.

n Treatment Diarrhea Median days Led to Led to Median days
=3 to onset discontinuation dose of duration
(range) reduction  (range)

Wong et al. 72 Phase | dose- 32% 8.5 (1-22) 14% 86%
[2009] escalation study of

neratinib 40-400 mg
Bursteinetal. 136 Phase Il neratinib 21% 2-3 29% 5-7
[2010] monotherapy
Chow et al. 110 Phase I/1l of neratinib 29% 3 (1-583) 24% (transient) 13% 36 (1-737)
[2013] 160 mg/240 mg +

weekly paclitaxel
Jankowitz 21 Phase | paclitaxel, 38% <1-3
etal. [2013] neratinib, trastuzumab
Awada et al. 91 Phase I/1l vinorelbine 28% 7.3 (SD 14) 3% 15% 80 (SD 98)
[2013] + neratinib
Martin et al. 231 Phase Il neratinib 28% (versus 3 2% (versus 4% 12% 3
[2013] versus LC 10% LC] LC) (versus 1%

LC)

Saura et al. 105 Phase I/Il neratinib + 23% 2" (1-164) 6% 10" 2" (1-418)
[2014] capecitabine
Awada et al. 479 Phase Il neratinib/ 30.4%* 16 (1-539) 3.80% 2 (1-15)
[2013] paclitaxel versus (versus

trastuzumab/ 3.8% TP)

paclitaxel
Chan et al. 2840  Phase Il neratinib 40% 8 (4-33) 16.80% 26.40% 5 (2-9]
[2016] versus placebo

*Results relate to patients in part two of the clinical trial.
#Three patients died of treatment-related adverse events.
LC, lapatinib and capecitabine; SD, standard deviation; TP, trastuzumab and paclitaxel.

with those with an intensive loperamide regimen
has been published [Ustaris et al 2015].
Loperamide exerts its effect by inhibiting basolat-
eral colonic epithelial cells’ potassium conduct-
ance, leading to diminished chloride secretion
[Epple ez al. 2001]. In an attempt to diminish the
frequency of severe diarrhea, a prophylactic regi-
men using loperamide has been proposed as fol-
lows: a dose of 4 mg with the first dose of neratinib,
followed by 2 mg every 4 hours for 3 days, then 2
mg given three to four times daily for the remain-
der of the first month of neratinib. Although
patient numbers are small, trials using this lopera-
mide prophylaxis have shown reduction in rates
of grade 3 diarrhea to 8—12% in trials of neratinib
monotherapy and 0—17% in trials where neratinib
was combined with paclitaxel or temsirolimus
[Ustaris er al. 2015]. Several articles have been
published detailing the principles of managing
diarrhea associated with the administration of
TKI. These involve both a patient-education
approach together with prophylactic loperamide,
as well as prompt medical review and

hospitalization for parenteral fluid and electrolyte
replacement, with antibacterial medications
where appropriate [Hirsh ez al. 2014; Andreyev
et al. 2014].

Adverse events of grade 1-4 seen in >20% of
patients treated with neratinib included nausea
(30%), vomiting (31%), fatigue (24%) and head-
ache (20%) in the phase II trial in metastatic
breast cancer patients [Burstein er al. 2010].
However, a more accurate assessment of drug-
related side effects is seen in the ExtNET study
where patients with HER-2-positive, predomi-
nantly node-positive early breast cancer who
remained disease free, were randomized to receive
neratinib as monotherapy or placebo. Cardiac
toxicity is clearly an important side effect to assess
for, as the higher incidence of cardiac dysfunction
following treatment with anti-HER-2 monoclonal
antibody treatment is well established [Guglin
et al. 2009; Telli er al. 2007]. Albeit with short
follow up of 2 years at the time of primary analy-
sis, the ExteNET study demonstrated low rates of
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cardiac dysfunction including symptomatic
decrease in left-ventricular ejection fraction (1%)
and QT prolongation (3%). With respect to other
grade 3 or 4 nondiarrheal side effects occurring in
1-5% of patients, these included vomiting, nau-
sea, abdominal pain and fatigue. All other grade 3
or 4 nondiarrheal side effects occurred in <1% of
patients [Chan ez al. 2016].

Future direction
The prognosis of patients diagnosed with HER-2-
positive breast cancer has improved substantially

http://tam.sagepub.com

with the use of anti-HER-2-targeted agents dat-
ing back to the first clinical trial results in the late
1990s [Cobleigh ez al. 1999]. Preclinical and clin-
ical evidence confirm the important role for ongo-
ing HER-2 inhibition as being needed to achieve
disease control despite recurrence or progression
following trastuzumab-based therapy. Neratinib
has been shown in the metastatic, neoadjuvant
and adjuvant setting to be an effective treatment,
both as a single agent or in combination with
cytotoxic agents. The activity of neratinib was
recently reported from the SUMMIT study in
which activity in HER-2 nonamplified tumors,
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which harbor somatic ERBB2 mutations, was
seen, and suggests that it may have a role beyond
HER-2 amplified breast cancer [Hyman et al
2015]. At present, there are early but statistically
significant benefits with its use as delayed adju-
vant therapy, whilst preventative measures con-
tinue to be evaluated to reduce the rate of the
commonest adverse effect, diarrhea. The
improvement in hormone-receptor-positive early
breast cancer in the ExteNET study is of particu-
lar interest as it contrasts with the lack of differen-
tial benefit in this patient group with other
anti-HER2 agents and the mechanism underlying
this effect is awaited. Further, the benefit seen in
CNS progression in the NEfERT-T study (in
which 479 HER-2-positive metastatic breast can-
cer patients were randomized in the first-line met-
astatic setting to NP or the control arm, TP) may
suggest a population of patients where this drug
has greater utility. The ongoing evaluation of this
agent in several clinical trials (Table 2) will pro-
vide guidance as to its role amongst other anti-
HER-2 agents in patients with breast cancer.
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