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Abstract

While trastuzumab is firmly established as the cornerstone of therapy for both early and advanced
breast cancer expressing human epidermal growth factor receptor 2 (HER2), many patients either
do not respond to trastuzumab treatment or progress following therapy. Improved understanding of
breast cancer biology, particularly the complex signaling interactions managed by the HER family
of receptors, have resulted in development of several novel HER2-directed therapies and
combinations. This article will review the novel approaches to HER2 targeting that have been
developed in recent years, with particular focus on results from these approaches in early breast
cancer, and will discuss strategies to improve the tolerability of HER2-directed therapies,
including prevention of cardiac toxicity and diarrhea.
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1. Introduction

Overexpression of the human epidermal growth factor receptor 2 (HER?2) is found in

approximately 17% of patients with breast cancer and is associated with aggressive tumor
behavior, reduced responses to traditional therapies, and decreased survival (Slamon et al.,
1987; Choritz et al., 2011). The introduction of trastuzumab, a humanized HER2-targeting
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monoclonal antibody, revolutionized the treatment of patients with HER2-positive breast
cancer. Compared to chemotherapy alone, the historic treatment for this group of patients,
the addition of trastuzumab in patients with advanced disease resulted in prolonged
progression-free survival (PFS) and a 5-month improvement in median overall survival (OS)
(Slamon et al., 2001). Since the initial studies of trastuzumab in metastatic breast cancer, its
use has been extended to both the adjuvant and neoadjuvant settings in early breast cancer,
leading to improved survival and increased rates of complete pathologic response in the
breast and regional lymph nodes in the two disease settings respectively (Piccart-Gebhart et
al., 2005; Slamon et al., 2011; Perez et al., 2014; Gianni et al., 2014).

Despite the efficacy of trastuzumab in treating patients with HER2-positive breast cancer,
some patients do not respond to treatment, while others will eventually progress. Although
the exact mechanism behind this resistance is not known, much research in recent years has
focused on elucidating the biology underlying HER2 signaling and developing strategies to
overcome HER? resistance and thereby improve outcomes in both early and metastatic
breast cancer. This has resulted in the emergence of several novel HER2-targeting agents,
including the monoclonal antibody pertuzumab, which inhibits HER2 dimerization, the
antibody-drug conjugate trastuzumab emtansine (T-DM1), and the tyrosine kinase inhibitors
(TKIs) lapatinib and neratinib, which target the signal transduction pathway downstream
from HER2 (Swain et al., 2015; Verma et al., 2012; Baselga et al., 2012a; Chan, 2016b). An
overview of these agents and their targets can be seen in Fig. 1. Each of these agents brings
its own unique benefit to the treatment of HER2-positive breast cancer, and some have
resulted in significant improvements over trastuzumab across multiple stages of disease. In
addition to new agents, novel strategies, such as dual targeted HER2 blockade, pan-HER
inhibition, and antibody-drug conjugates that deliver targeted chemotherapy, have resulted in
a multitude of opportunities to capitalize on the biology of HER2-positive breast cancer and
ultimately improve responses to HER2-targeted therapy.

2. Biological insights into improved HER?2 targeting

2.1. Inhibition of HER family dimerization

HER2 is a member of a family of receptors that includes the epidermal growth factor
receptor (EGFR), also known as HER1, HER3, and HERA4. Dimerization of HER family
members is a known mechanism of resistance to anti-HER?2 therapy (Baselga, 2002). All
members of the HER family can form dimers together, but HER2 and HER3 form a
particularly potent heterodimer that is important in breast cancer development and growth.
While HER3 does not exert tyrosine kinase activity on its own, dimerization with HER2
drastically increases downstream signaling activity, (Tzahar et al., 1996; Lee-Hoeflich et al.,
2008) and provides a mechanism of escape from HER2 inhibition (Baselga, 2002;
Menendez et al., 2015; Franklin et al., 2004).

Pertuzumab is a humanized monoclonal antibody that binds to the dimerization domain of
HERZ2, serving both as an inhibitor of HER2/HER3 dimerization and a target for antibody-
dependent cellular cytoxicity (ADCC) (Scheuer et al., 2009). While pertuzumab has some
clinical activity on its own, when used concomitantly with trastuzumab, the dual binding to
HER2 leads to synergy (Scheuer et al., 2009; Nahta et al., 2004). When 808 patients with
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metastatic breast cancer that had not previously received anti-HER2 therapy for metastatic
disease were treated with the combination of pertuzumab and trastuzumab with docetaxel on
the phase 111 CLEOPATRA trial, PFS was improved by 6 months (HR 0.65, < 0.001) and
there was a 10.8% improvement in objective response rate (Baselga et al., 2012a,b). The
combination also resulted in a marked improvement in OS of almost 16 months compared to
standard trastuzumab plus docetaxel (HR 0.68, A< 0.001) (Swain et al., 2015). Since this
study, pertuzumab plus trastuzumab has replaced trastuzumab as the standard of care for
first-line metastatic breast cancer, and this highly active combination has been investigated
in early breast cancer.

2.2. Delivering HER2-targeted chemotherapy

Antibody-drug conjugates have emerged in recent years across a number of different tumor
types as a mechanism for delivery of toxic chemotherapy in a highly targeted way. One such
example is in breast cancer, where the antibody-drug conjugate T-DM1, a combination of
the HER2-targeting antibody trastuzumab with the microtubule-inhibiting chemotherapeutic
agent DM1 (emtansine), has been used to deliver cytotoxic therapy directly to breast cancer
cells while avoiding the severe adverse event profile often associated with chemotherapy
(Verma et al., 2012). In patients with metastatic breast cancer who were resistant to
trastuzumab, T-DML1 significantly prolonged time to progression and resulted in an
improvement in OS of 4 months compared to lapatinib and capecitabine (29.9 months vs
25.9 months; HR 0.75) (Diéras et al., 2017). T-DM1 is now approved as a treatment for
metastatic breast cancer that has progressed on first-line trastuzumab-based therapy.

While T-DM1 has demonstrated efficacy as a rescue therapy for patients with metastatic
breast cancer who become resistant to trastuzumab, it is not more effective than trastuzumab
and chemotherapy as a first-line treatment. In the phase 11l MARIANNE trial, neither T-
DML alone nor in combination with pertuzumab improved PFS compared with trastuzumab
and chemotherapy (Perez et al., 2017).

2.3. Targeting HER2/ER crosstalk

Although HER2 inhibition is highly effective in improving outcomes in HER2-positive
patients, those whose tumors also express the estrogen receptor (ER) have poorer responses
to targeted therapy against either receptor and are more likely to relapse (Cameron et al.,
2017; Andre et al., 2014; De Laurentiis et al., 2005). Current theories suggest that crosstalk
between HER2 and ER, most likely via phosphoinositide 3-kinase (P13K), may be a key
mechanism of trastuzumab resistance in patients with HER2-positive/ER-positive tumors.
Considerable crosstalk exists between the HER2 and ER pathways, and in preclinical studies
in HER2-positive/ER-positive tumor models, inhibition of HER2 results in an increase in ER
signaling (Xia et al., 2006).

PI3K is a key member of the HER2 signaling pathway (Hellyer et al., 1998), and is known
to play an important role in regulating ER expression in breast cancer. Activation of the
PI3K pathway, either through activating mutations in P/K3CA or through cell surface
receptor engagement, causes suppression of ER transcription (Toska et al., 2017).
Conversely, inhibition of PI3K signaling activity induces a switch in the transcriptome,
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moving the tumor toward a more luminal, ER-driven phenotype and increases ER gene
expression (Bosch et al., 2015). This change is hypothesized to be due to chromatin
remodeling at the ER gene, which occurs in the absence of PI3K signals, allowing for
increased transcription of ER RNA (Toska et al., 2017).

Based on the observed impact of HER2 and/or PI3K signaling inhibition on ER expression,
a proposed solution to the issue of HER2/ER crosstalk is to combine HER2 inhibition with
ER inhibition, blocking both mechanisms. This strategy has been shown to be effective in
preclinical models of ER-positive tumors with P/IK3CA mutations, where coadministration
of PI3K inhibitors with hormone therapy increased responses (Bosch et al., 2015).

In HER2-positive breast cancer, the clinical benefit of adding an ER inhibitor to HER2
inhibition has been variable. In some trials, the combination of HER2 and ER inhibition
improved outcomes over inhibition over either pathway alone (Johnston et al., 2009;
Kaufman et al., 2009; Rimawi et al., 2013), while in the neoadjuvant setting, targeting both
pathways simultaneously did not impact on response (Harbeck et al., 2016). Recently, results
from the ongoing phase 11 PERTAIN study showed a benefit for the combination of an
aromatase inhibitor with pertuzumab and trastuzumab in metastatic breast cancer, with a
median PFS of 18.9 months for patients receiving the triplet therapy and 15.8 months for
patients receiving trastuzumab plus hormone therapy (Arpino et al., 2016). Further studies
are currently underway to clarify the potential of this method for improving responses to
HER2-targeted therapy in ER-positive patients, including a phase Il trial examining the
combination of neratinib and fulvestrant [NC-T01670877] (National Institutes of Health,
2017a).

2.4. Mutated HER? as a target in HER2-non amplified breast cancer

Because therapies like trastuzumab, pertuzumab, and T-DM1 target surface HER2, their use
is limited to patients in which HER2 expression is amplified. In recent years, however,
multiple activating mutations in the H#ERZ gene have been found to be present in tumors that
do not over-express HER?2 (Lee et al., 2006; Bose et al., 2013). These polymorphisms occur
at low levels in multiple tumor types, including breast cancer, where they are estimated to
occur in approximately 4000 patients annually in the United States (Bose et al., 2013).
Somatic mutations in the HER2 gene cause activation of the HER2 signaling pathway
independently from receptor dimerization, resulting in constitutive kinase signaling,
activation of survival pathways, oncogenic transformation, and enhanced tumor growth (Lee
et al., 2006). While antibodies that target cell surface receptors are ineffective against this
form of HER2 activation, agents that target downstream HER2 signaling may be useful in
blocking mutant HER2 activity.

In recent years, several TKIs have been developed that target the signal transduction
pathway downstream from HERZ2, including lapatinib and neratinib (Fig. 1). Lapatinib has
been shown to be effective against HER2 amplification when given in combination with
trastuzumab in both early and metastatic breast cancer (Baselga et al., 2012b; Blackwell et
al., 2012). However, in preclinical studies most HER2 somatic mutations were resistant to
lapatinib (Bose et al., 2013). A second HER2-targeting TKI, neratinib has emerged as a
potent inhibitor of HER2 activity. Neratinib is an irreversible pan-inhibitor of HER2 and
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HER1/EGFR that has been shown to be more effective than lapatinib at blocking HER?2
activation (Rabindran et al., 2004; Sanchez-Martin and Pandiella, 2012). In preclinical trials
in tumor cell lines expressing HER2 somatic mutations, neratinib led to potent inhibition of
intracellular signaling, cell proliferation, and colony formation (Bose et al., 2013).

The phase Il SUMMIT trial examined the safety and efficacy of neratinib alone or in
combination with fulvestrant in patients with solid tumors, including patients with breast
cancer that had somatic mutations in HER2 and HER3 (Hyman et al., 2017; Hyman et al.,
2016). While no clinical activity was observed in patients with HER3 mutations, 8 of the 25
(32%) patients with HER2-mutated breast cancer receiving neratinib monotherapy
responded by week 8 (Fig. 2). Neratinib monotherapy was associated with a 40% clical
benefit rate in patients with HER2-mutated breast cancer (Hyman et al., 2017). Of the 12
evaluable patients with breast cancer who received neratinib in combination with fulvestrant,
5 (41.7%) experienced an objective response at week 8, and the clinical benefit rate for the
combination was 58.3% (Hyman et al., 2016). Studies of neratinib in this rare but important
subset of patients with breast cancer are ongoing.

3. Optimizing HER2-targeted therapy for early breast cancer

3.1. Current standards in HER2-positive early breast cancer

The current standard of care for HER2-positive early breast cancer includes trastuzumab
(with or without pertuzumab) and chemotherapy given either before or after surgery. This is
based on results from several phase 111 trials demonstrating a significant benefit for
trastuzumab over standards of care in both the adjuvant and neoadjuvant settings (Piccart-
Gebhart et al., 2005; Cameron et al., 2017; Perez et al., 2014; Slamon et al., 2011; Gianni et
al., 2014). In the phase 1l HERA trial, 1 year of adjuvant trastuzumab was associated with
significant improvements in both 10-year rates of disease-free survival (DFS; 69% vs 63%;
HR 0.76) and 12-year rates of OS (79% vs 73%; HR 0.74) compared to observation.
(Piccart-Gebhart et al., 2005; Cameron et al., 2017). In the phase |11 neoadjuvant NOAH
trial, HER2-positive patients treated with trastuzumab plus chemotherapy had a significantly
higher rate of pathologic complete response (pCR) than patients who only received
chemotherapy (38.5% vs 19.5%; HR 0.29, A= 0.0135) and these patients remained event-
free longer (5-year event-free survival [EFS] 58% vs 43%; HR 0.64, P=0.016) (Gianni et
al., 2014).

Despite the demonstrated efficacy of trastuzumab in early breast cancer, a significant
proportion of patients will eventually progress. At 10-years follow-up on the HERA trial,
28.8% of patients treated with trastuzumab experienced disease progression (Cameron et al.,
2017). Similarly, at only 5 years post-treatment on the NOAH trial, 42% of patients treated
with trastuzumab had experienced a disease event (Gianni et al., 2014). While more recent
trials have seen improvements in outcomes for patients receiving adjuvant trastuzumab, with
a 5-year DFS of over 85% (Slamon et al., 2011; Piccart-Gebhart et al., 2016), there’s still an
unmet medical need in this population. Furthermore, HER2-positive breast cancer is a
heterogeneous disease, and while trastuzumab with chemotherapy is highly effective in
many patients, there are subgroups where recurrence rates are still high, such as those with
node-positive disease (Slamon et al., 2011). Clearly, for many patients with HER2-positive
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early breast cancer there is still significant unmet need, and research in recent years has
focused on identifying novel approaches to adjuvant and neoadjuvant therapy that can
improve outcomes for these patients.

3.2. Novel approaches to HER2-targeted adjuvant therapy

Several novel HER2-targeting agents have been studied as potential adjuvant therapy for
patients with HER2-positive breast cancer. Results from key phase 111 trials are summarized
in Table 1.

3.2.1. Lapatinib—Two phase Il trials have examined the HER2-targeting TKI lapatinib as
a potential adjuvant therapy for HER2-positive breast cancer, either alone or in combination
with trastuzumab. In the TEACH trial, which compared lapatinib to placebo in women with
HER2-positive early breast cancer who had previously received adjuvant chemotherapy but
not trastuzumab, single-agent lapatinib failed to demonstrate a significant DFS benefit over
placebo (HR 0.83, 95% CI 0.70-1.00), though there was a marginal benefit for patients with
HER2-positive disease confirmed by central fluorescence in situ hybridization (Goss et al.,
2013).

In the ALTTO trial, patients who received single-agent lapatinib had poorer outcomes than
patients who received trastuzumab (HR 1.34) (Piccart-Gebhart et al., 2016). The
combination of lapatinib and trastuzumab appeared to improve outcomes, as patients who
received both lapatinib and trastuzumab, either in combination (L + T) or in sequence (T —
L), had better DFS rates than patients who received single-agent lapatinib (L + T: 88% and T
— L: 87% vs L: 82%). However, with 5 years of follow-up, the combination did not
sufficiently improve either DFS (L + T: HR 0.86, 95% CI 0.74-1.0; T — L: HR 0.93, [95%
C1 0.81-1.08]) or OS (L + T: HR 0.86, [95% CI 0.70-1.06]; T — L: HR 0.88, [95% ClI
0.71-1.08]) compared to single-agent trastuzumab, to enable recommendation of lapatinib in
the adjuvant disease setting (Moreno-Aspitia et al., 2017). Currently lapatinib is not being
further investigated in the adjuvant setting, either alone or in combination with trastuzumab.

3.2.2. Neratinib—Results with the pan-HER TKI neratinib in the adjuvant setting have
been promising. In the phase 11l ExteNET trial, which compared 1 year of neratinib (240 mg
daily) to placebo in women with stage I-111 HER2-positive breast cancer who had completed
neoadjuvant and adjuvant trastuzumab up to 2 years before randomization, neratinib
improved invasive DFS at 2 years by 2.3% over placebo (HR 0.67, £=0.009) (Chan et al.,
2016a). This improvement was most pronounced in patients with hormone receptor (HR)-
positive tumors (HR 0.51, A= 0.001), suggesting neratinib might provide an additional
treatment option for this subset of patients who have an ongoing, long-term, and fairly
constant risk of relapse on trastuzumab (Chan et al., 2016a). At 5-years follow-up, the
benefit with neratinib was maintained with a 2.5% absolute improvement in invasive DFS
(90.2% vs 87.7%; HR 0.73, A= 0.008) for the whole population (Martin et al., 2017). This
improvement in invasive DFS was most apparent in HR-positive patients (91.2% vs 86.8%;
HR 0.60, A= 0.002). Patients who had completed adjuvant trastuzumab less than 1 year
prior to the start of study showed the most benefit with neratinib (Martin et al., 2017). On
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the strength of these results, neratinib has been approved by the US Food and Drug
Administration, and is under review by the European Medicines Agency.

While patients treated with neratinib, in the absence of anti-diarrhea prophylaxis, also
experienced high rates of grade 3 diarrhea, this did not appear to impact treatment efficacy.
Prophylactic regimens have since been developed to reduce the incidence and severity of
neratinib-associated diarrhea and will be discussed in the next section.

3.2.3. Pertuzumab—The combination of pertuzumab and trastuzumab with chemotherapy
is approved as first-line treatment of metastatic breast cancer. The phase 11l APHINITY
study examined the same combination as adjuvant treatment compared to standard
trastuzumab plus chemotherapy in 4805 patients with HER2-positive early breast cancer
(Von Minckwitz et al., 2017). While this trial met its primary endpoint of improved invasive
disease-free survival at 3 years (94.1% vs 93.2%; HR 0.81, P=0.045), the magnitude of the
benefit was modest and there was no associated improvement in OS (97.7% in both groups;
HR 0.89, P=0.467). Subgroup analysis suggested a somewhat greater effect in ER-negative
tumors (HR 0.76, P=0.085). Pertuzumab treatment was associated with an increase in grade
=3 diarrhea (9.8% vs 3.7%). Long-term analysis of this trial is ongoing to determine the role
of pertuzumab as adjuvant therapy more precisely (Mon Minckwitz et al., 2017).

3.2.4. T-DM1—Two key phase 11 trials are currently ongoing examining the efficacy of the
antibody-drug conjugate T-DM1 in the adjuvant setting, though no results are yet available
from these trials. The KATHERINE trial compares 1 year of treatment with T-DM1 to
trastuzumab in women who have residual disease in the breast or axillary lymph nodes
following neoadjuvant therapy [NCT01772472] (National Institutes of Health, 2017b). The
KAITLIN trial is examining the combination of T-DM1 and pertuzumab to trastuzumab,
pertuzumab, and a taxane component of chemotherapy following 3 cycles of anthracycline-
based chemotherapy [NCT01966471] (National Institutes of Health, 2017c).

3.3. Duration of therapy

Several studies have looked at the optimal duration of adjuvant therapy. The phase 11l HERA
trial compared 1 year versus 2 years of adjuvant trastuzumab. Extending adjuvant
trastuzumab to 2 years did not improve outcomes, but resulted in increased adverse events
and cardiotoxicity (Goldhirsch et al., 2013). Since this trial, 1 year of adjuvant therapy has
been considered standard. However, shorter durations of trastuzumab have been investigated,
including a 9-week schedule developed by Joensuu and colleagues (Joensuu et al., 2009),
and a 6-month schedule investigated by Pivot and colleagues (Pivot et al., 2013).
Comparison of 6 months versus 12 months of trastuzumab was unable to exclude non-
inferiority of the shorter duration of treatment (Pivot et al., 2013), but still the interest in de-
escalation of treatment has persisted. More recently, the multicenter Italian phase 111 Short-
HER trial has further examined the question of adjuvant therapy duration, comparing the
standard 1-year course of adjuvant trastuzumab to a shorter 9-week course (Conte et al.,
2017). While the study did not meet its primary endpoint of noninferiority of 9 weeks to 1
year (HR 1.15 [90% CI 0.91-1.46]), subgroups were identified in which a shorter course of
trastuzumab provides optimal outcomes. In particular, patients with a lower disease burden
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(stage I or 11; NO or N1) fared at least as well on the 9-week trastuzumab course.
Importantly, cardiac toxicity was significantly reduced in patients receiving 9 weeks of
trastuzumab (HR 0.32, < 0.0001) (Conte et al., 2017), suggesting that 9 weeks of adjuvant
trastuzumab may be an option for patients with low risk of relapse or high risk of cardiac
toxicity.

3.4. Neoadjuvant therapy for HER2-positive breast cancer

Although initial trials of HER2-targeted agents were performed in the adjuvant setting, in
recent years there has been a large push to investigate these agents prior to surgery, as this
improves rates of breast conservation and may provide insights into risk of recurrence (Von
Minckwitz et al., 2013). In high-risk patients, such as those on the NOAH trial, rates of
disease progression continue to be high following trastuzumab treatment (Gianni et al.,
2014), suggesting a need for continued improvement in this setting. Furthermore, in the
neoadjuvant setting pCR has been shown to be predictive of long-term outcomes, allowing
for the conduct of small, informative clinical trials (Von Minckwitz et al., 2013). An
overview of key phase Il and Il trials in this setting can be seen in Table 2. Of agents
investigated thus far, only pertuzumab in combination with trastuzumab have been approved
in this setting.

3.4.1. Pertuzumab—~Pertuzumab given in combination with trastuzumab and
chemotherapy is now considered a standard of care for neoadjuvant therapy in patients with
HER2-positive breast cancer. This is based on the NeoSphere trial, which demonstrated
significant improvements in the pCR rate with this combination over either trastuzumab and
chemotherapy or pertuzumab and chemotherapy (Gianni et al., 2012). In the long-term
follow-up of the NeoSphere trial, the improved pCR rates associated with the pertuzumab
and trastuzumab combination were found to associate with improvements in survival. At 5
years, 86% of patients who received the combinations were alive and disease free, compared
to 81% of patients who received trastuzumab plus chemotherapy (Gianni et al., 2015).
Similar results were seen in the phase Il cardiac safety study TRYPHAENA, where the
pertuzumab and trastuzumab combination resulted in a pCR ranging from 57.3% to 66.2%
depending on dose and schedule (Schneeweiss et al., 2013).

3.4.2. Neratinib—Neoadjuvant neratinib has been examined in two phase Il trials in
HER2-positive breast cancer, FB-7 and I-SPY?2. The FB-7 study was a 3 arm trial comparing
neratinib, trastuzumab, or the combination of neratinib and trastuzumab, all given with
chemotherapy (Jacobs et al., 2015). In this study, there was no benefit for neratinib plus
chemotherapy over trastuzumab plus chemotherapy (pCR 33.3% vs 38.1%). However, the
combination of neratinib and trastuzumab resulted in a nearly 12% improvement in pCR
over trastuzumab and chemotherapy. Best results with neratinib were seen in the HER2-
positive/HR-negative cohort, where the combination of neratinib, trastuzumab, and
chemotherapy resulted in a 73.7% pCR. Unlike in the adjuvant ExteNET trial, there was no
benefit for neratinib in the HR-positive subgroup, either alone or in combination with
trastuzumab (Jacobs et al., 2015).
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Interestingly, while the FB-7 study only found benefit for neratinib in combination with
trastuzumab, neratinib outperformed trastuzumab in the I-SPY 2 study (Park et al., 2016). In
this trial, the combination of neratinib and chemotherapy resulted in a higher rate of pCR
than trastuzumab and chemotherapy (39% vs 23%). This benefit was most pronounced in the
HR-negative subset of patients, in whom neratinib was associated with a 56% pCR,
compared to 33% with trastuzumab. Based on these results, the predicted probability of
success of neratinib in a phase 111 trial in HER2-positive/HR-negative patients is 79% (Park
et al., 2016). Investigation of neratinib in the neoadjuvant setting is ongoing.

3.4.3. T-DM1—Trials of T-DML1 in the neoadjuvant setting have been disappointing thus
far. The phase 11 KRISTINE trial examined the combination of T-DM1 and pertuzumab
compared to pertuzumab and trastuzumab with chemotherapy. While treatment-related
adverse events occurred less frequently in the T-DM1 arm, there was no benefit in pCR.
Only 44.4% of patients in the T-DM1 arm achieved pCR, compared with 55.7% of patients
receiving pertuzumab and trastuzumab. These results were consistent regardless of hormone
receptor status (Hurvitz et al., 2016). Interestingly, a phase Il trial in HR-positive patients
demonstrated that both single-agent T-DM1 and T-DM1 in combination with endocrine
therapy improved pCR rates over trastuzumab plus endocrine therapy. However, in this trial
patients did not receive chemotherapy, resulting in a low pCR rate of 15.1% in the
trastuzumab plus endocrine therapy arm (Harbeck et al., 2016). It is likely that the addition
of chemotherapy to the trastuzumab and endocrine therapy arm would have negated the
benefit seen with T-DM1.

3.4.4. Lapatinib—As with the adjuvant setting, the efficacy of lapatinib has been
investigated in the neoadjuvant setting both as a single agent and in combination with
trastuzumab. In the phase 111 NeoALTTO study, lapatinib plus chemotherapy failed to
improve pCR rates over trastuzumab plus chemotherapy (24.7% vs 29.5%). However, the
combination of lapatinib and trastuzumab over chemotherapy resulted in a significant
benefit, with 51.3% achieving pCR (Baselga et al., 2012b). Similar results with the
combination were seen in the phase || CHER-LOB study, but the same magnitude of benefit
was not observed in the phase I11 NSABP B-41 study (Guarneri et al., 2012; Robidoux et al.,
2013). Unfortunately, there was no significant improvement in either OS or event-free
survival with lapatinib plus trastuzumab on the NeoALTTO trial (de Azambuja et al., 2014).
Given the high toxicity rates seen with the lapatinib and trastuzumab combination, the lack
of a consistent benefit in pCR, and absence of an impact on long-term survival, there is little
interest in developing this combination further in the neoadjuvant setting.

4. Minimizing the impact of treatment-related adverse events

4.1. Management of trastuzumab-associated cardiotoxicity

With the introduction of any novel therapy or treatment regimen, careful consideration must
be made of the risks and benefits of treatment, particularly in terms of treatment-related
adverse events (AEs). Many HER2-directed therapies are associated with challenging AE
profiles that, if not properly managed, can significantly impair patient quality of life.
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However, when appropriate proactive management and prevention strategies are in place,
these AEs can be controlled, minimizing their impact on the patient and treatment regimen.

When trastuzumab was initially introduced, it was associated with high rates of
cardiotoxicity, with 27% of patients receiving trastuzumab in combination with an
anthracycline and cyclophosphamide experiencing cardiac dysfunction (all grades) and 16%
experiencing New York Heart Association class Il or IV cardiac dysfunction (Slamon et al.,
2001). Cardiac toxicity associated with trastuzumab is a mechanism-related AE. In its
naturally functioning state, HER2 is responsible for key cell survival pathways that regulate
the heart’s response to stress. These responses include increased cellular transcription
pathways, increased production of nitric oxide, and inhibition of reactive oxygen species
(Kuramochi et al., 2004; Zhao et al., 1998; Lemmens et al., 2007). When HER2 function is
blocked by trastuzumab, the key cell survival pathways are also blocked, inhibiting the
heart’s ability to respond to stress. Combination of trastuzumab with anthracycline
chemotherapy, a known cause of cardiac stress (Smith et al., 2010), leads to an increased
incidence of congestive heart failure.

While rates of cardiac dysfunction were high in early trials of trastuzumab, monitoring and
prevention strategies have since been enacted that have reduced these rates and converted
cardiac dysfunction into a rare and manageable side effect of trastuzumab. These strategies
include obtaining a full medical history, performing a physical examination, including
evaluation for edema and hepatomegaly, obtaining an echocardiogram, and assessing the left
ventricular ejection fraction (LVEF) before starting trastuzumab. Trastuzumab is not
recommended in patients with a LVEF of < 50% (Slamon et al., 2005). Such patients should
be seen by a cardiologist and their cardiac function optimized with appropriate medication.
If a repeat measurement of the LVEF is > 50%, adjuvant trastuzumab can be reconsidered.
During trastuzumab treatment, regular assessment of heart rate increase of > 15%, body
weight increase >2 kg/week (AGO Website, 2017), cardiac signs and symptoms, and repeat
measurements of the LVEF (every 3 months) should be performed (Dang et al., 2016). When
following these recommendations, rates of cardiac toxicity have been decreased in modern
trials of trastuzumab and cardiac toxicity may no longer be considered prohibitive to
trastuzumab use (Dang et al., 2016). Additionally, while the more recently developed HER2-
targeted antibodies pertuzumab and T-DM1 carry similar risks of cardiotoxicity, the
prevention and management strategies developed for trastuzumab have been successfully
used to mitigate this risk (Swain et al., 2013; Verma et al., 2012).

4.2. Management of neratinib-associated diarrhea

Similar to trastuzumab, neratinib is associated with a mechanism-based AE that, when left
uncontrolled, can severely impair patient quality of life. In the phase 111 ExteNET trial,
treatment with neratinib without prophylactic anti-diarrhea medication was associated with
diarrhea in 95.4% of patients, with 39.8% experiencing grade 3 diarrhea and 1 patient
(0.1%) experiencing a grade 4 event (Chan et al., 2016a). High rates of treatment-related
diarrhea have been consistent across all early-stage trials of neratinib, with rates of grade =3
events ranging from 21% to 40% (Chan, 2016b). Severe diarrhea occurs most frequently in
the first month of neratinib treatment, with low rates observed in later months. The median
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duration of diarrhea in the ExteNET trial was 5 days. The impact on quality of life is also
limited to early in treatment. While patients treated with neratinib experienced a decrease in
quality of life due to diarrhea in month 1 of treatment, this decrease had been completely
corrected by month 3 (Chan et al., 2016a).

Although the diarrhea associated with neratinib appears to be self-limiting, it is a
challenging and potentially serious side effect. Similar to AEs in other malignancies,
management algorithms have been developed to control and decrease the severity of
neratinib-associated diarrhea. These strategies include both supportive care and
pharmacological interventions. Supportive care methods recommended to manage diarrhea
associated with cancer treatment include increasing fluid intake to at least 2 liters per day,
removing all lactose-containing products from the diet, following a low-fat diet enriched
with bananas, rice, apple sauce, and toast (BRAT diet), and engaging a specialty nursing
team to support and educate the patient from the beginning of treatment (Ustaris et al.,
2015). In addition to these dietary changes, diarrhea should be proactively managed with
loperamide up to a maximum of 16 mg/day. If loperamide alone is not sufficient to manage
diarrhea (grades 3/4), additional therapies include short-acting octreotide at 150 ug (with
dose escalation up to 500 ug), diphenoxylate hydrochloride plus atropine sulfate 2.5 mg
every 6-8 h, and prophylactic antibiotics. Stool cultures may also be necessary to rule out
infection as a cause of diarrhea. Once the diarrhea has resolved, the dose of loperamide
should be reduced to 4 mg/day and continued as pro phylaxis (Ustaris et al., 2015).

The best strategy for managing neratinib-associated diarrhea is to prevent its occurrence
entirely. Since the early trials of neratinib performed without routine diarrhea prophylaxis,
efforts have focused on identifying proactive methods to decrease rates of treatment-
associated diarrhea and minimize the impact of this AE, as was done with trastuzumab-
associated cardiotoxicity. To that end, prophylaxis strategies have been developed that
significantly decrease the rates of diarrhea. Current recommendations for diarrhea
prophylaxis with neratinib include loperamide given concurrently with neratinib from day 1.
Loperamide is given at 16 mg on day 1 of cycle 1 (given as 4 doses of 4 mg). The dose is
lowered to 12 mg/day for days 2—-3, and then 6 mg to 8 mg per day for day 4 through the end
of the cycle. Following cycle 1, loperamide is given on an as needed basis (Ustaris et al.,
2015).

Prophylaxis with loperamide is effective at reducing rates of neratinib-associated diarrhea. In
the NSABP phase | trial examining neratinib in combination with paclitaxel and
trastuzumab, none of the patients who received loperamide prophylaxis (n = 6) experienced
grade 3 diarrhea (grade 1/2 in 83%), while 53% of the patients who did not receive
prophylaxis experienced grade 3 diarrhea (Ustaris et al., 2015; Jankowitz et al., 2013). In the
10-005 trial examining the combination of neratinib and temsirolimus, only 7 of the 41
patients who received prophylaxis (17%) experienced grade 3 diarrhea, and the average
duration of treatment-emergent diarrhea was 2 days. In the same trial, patients who received
either no or suboptimal prophylaxis experienced a 32% rate of grade 3 diarrhea, with an
average duration of 14 days (Ustaris et al., 2015; Gajria et al., 2015).
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The ongoing phase I CONTROL trial is prospectively examining the impact of different
loperamide-based prophylaxis regimens on neratinib-induced diarrhea (lbrahim et al., 2017).
Women with HER2-positive early-stage breast cancer who had completed adjuvant therapy
with trastuzumab received neratinib daily for 1 year along with prophylaxis comprising
either loperamide alone, loperamide with the locally-acting corticosteroid budesonide, or
loperamide with the bile acid sequestrant colestipol. At the interim analysis, loperamide
alone was associated with a 30.7% rate of grade 3 diarrhea, while loperamide in
combination with budesonide or colestipol was associated with 23.4% and 11.5% rates of
grade 3 diarrhea, respectively (Table 3). Use of any prophylaxis was associated with a
shortened duration of diarrhea of 2—-3 days (Ibrahim et al., 2017). Compared to the ExteNET
trial (Chan et al., 2016a; Chan, 2016b), rates of grade 3 diarrhea were decreased in patients
receiving loperamide prophylaxis and the duration of diarrhea events shortened. While the
exact approach to diarrhea prevention and management continues to be refined, these early
trial results demonstrate that prophylactic regimens are highly effective at preventing and
reducing the incidence, severity, and duration of neratinib-associated diarrhea.

4.3. Financial toxicity

While improvements to HER-targeted treatment strategies have resulted in increased
remission rates and prolonged survival, there is an unwanted effect associated with many
treatment options: increased cost. Cost of care for patients with breast cancer is already quite
high, and the addition of a second biologic to adjuvant trastuzumab, as in an extended or
dual blockade strategy, results in a significant increase in treatment costs, although these
costs are somewhat offset by the significant treatment costs associated with metastatic
disease that may be avoided. Moving forward, cost of treatment will need to be carefully
balanced with patient need. Furthermore, the potential introduction of lower-cost
trastuzumab biosimilars may offset some of the added costs. Another option may be shorter
durations of trastuzumab treatment in patients with very good risk factors or an approach
that reserves extended therapy or dual blockade for patients with node-positive disease.

5. Conclusion

HER2-targeted therapy has transformed the outlook for both early and metastatic HER2-
positive breast cancer, beginning with trastuzumab and continuing through the development
of several novel HER2-targeting agents. The biology of HER2-positive breast cancer is
complex, with multiple interactions between signaling pathways. These interactions promote
resistance to trastuzumab and can impact on the chances of successful treatment, but they
also provide opportunities for new methods of treating HER2-positive disease. Newly
developed agents and treatment strategies, such as the combination of pertuzumab and
trastuzumab, and extended HER2 inhibition with trastuzumab followed by neratinib, have
further improved upon results seen with trastuzumab, reducing the relapse rate in HER2-
positive early breast cancer. With the introduction of any new therapy or regimen, careful
attention must be given to the risks versus benefits of therapy. When a novel treatment
approach offers a significant improvement on current standards, some additional toxicity
may be tolerated. We must take care, however, to ensure that these advances do not come at
the cost of significantly impairing patient quality of life. Careful attention should be paid to
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patient education, prophylaxis against adverse events, and proactive management in order to
minimize any unwanted effects associated with HER2-targeted therapy.
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Fig. 1.
Targets of novel HER2 inhibitors.
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Table 3
Rates and duration of neratinib-associated diarrhea with prophylaxis on the CONTROL trial (Ibrahim et al.,
2017).
Study CONTROL ExteNET
Antidiarrheal prophylaxis Loperamide Budesonide + loperamide  Colestipol + loperamide  Loperamide pm
(original + modified)
N (at data cut-off) 137 64 26 1408
Diarrhea, %
Any grade 7.4 79.7 57.7 95.4
Grade 1 24.1 26.6 30.8 22.9
Grade 2 22.6 29.7 15.4 325
Grade 3 30.7 23.4 115 39.8
Grade 4 0 0 0 0.1
Median cumulative duration of diarrhea, days
Any grade 12.0 10.0 8.0 59.0
Grade 22 4.0 3.0 2.0 10.0
Grade 23 3.0 2.0 2.0 5.0
Median episodes of diarrhea per patient, n
Any grade 2.0 4.0 3.0 8.0
Grade 22 2.0 2.0 2.0 3.0
Grade >34 10 1.0 20 20
Median duration of neratinib 10.6 5.1 1.7 11.6

treatment, months

aNo grade 4 events in the CONTROL study; one grade 4 event in the ExteNET study.
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