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Abstract

The most common malignancy and second leading
cause of cancer-related death in women is breast cancer.
An improved understanding of breast cancer pathobiolo-
gy has led to the development of novel therapies that are
directed at proteins uniquely expressed on tumor cells.
One such targeted approach is trastuzumab for HER2-am-
plified/overexpressing breast cancer. Since the approval
of trastuzumab for HER2-positive metastatic breast can-
cer in 1998, outcomes for patients diagnosed with this
innately aggressive form of cancer have vastly improved.
Subsequently, several new therapies have been devel-
oped for HER2-positive breast cancer, including lapatinib
(a small-molecule inhibitor of HER1 and HER2 tyrosine
kinase), pertuzumab (a HER2-directed monoclonal anti-
body), and trastuzumab emtansine (T-DM1; the first an-
tibody-drug conjugate approved for breast cancer). In
addition, several emerging agents are currently being
evaluated in clinical trials for HER2-positive breast can-
cer. In this review, the current available therapies for
HER2-positive breast cancer will be described, and inno-
vative HER2-directed approaches that are currently under
investigation will be explored.
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Introduction

Breast cancer remains the most common cancer diagnosed in
women, and in spite of significant improvements in treatment,
it is still the second leading cause of cancerrelated deaths.! Re-
search in the last several decades has led to a better understand-

ing of the complex molecular heterogeneity of this malignancy.
One such discovery was the identification of the HER2 gene,
which encodes a tyrosine kinase receptor that is a potent media-
tor of cellular growth and proliferation in normal and malignant
epithelial cells. Amplification of this gene is observed in up to
25% of breast cancers and has been shown to be a driving force
of tumor biology.>?

This discovery led to the development and approval of the
first HER2-targeted therapy, trastuzumab.* Since that time, sev-
eral other HER 2-targeted therapeutics have been successfully de-
signed and approved for the treatment of HER2-positive breast
cancer. It is now clear that the routine use of trastuzumab and
other HER2-targeted agents has dramatically improved the prog-
nosis associated with HER2-driven breast cancer. This article will
briefly review the current available therapies for HER2-positive
breast cancer, describe several newly approved agents, and pro-
vide a concise consideration of novel therapies currently under
investigation.

Trastuzumab or Lapatinib in the Early- and Late-Stage Settings
Trastuzumab is a recombinant humanized monoclonal antibody
(mADb) that inhibits ligand-independent HER2 and HER3 signal-
ing’ and may trigger antibody-dependent cellular cytotoxicity.®7
Multiple trials have studied its role in the adjuvant, neoadjuvant,
and metastatic settings. The addition of trastuzumab to chemo-
therapy in patients with previously untreated metastatic breast
cancer (MBC) led to a significantly higher objective response
rate, prolonged time to progression (TTP; 7.4 vs 4.6 months;
P <.001), and improved overall survival (OS; 25 vs 20 months;
P = .01) compared with chemotherapy alone.* Furthermore,
in patients with early-stage breast cancer, the addition of tras-
tuzumab to chemotherapy significantly improved disease-free
survival (DFS) and OS in multiple clinical trials in the early and

locally advanced settings.*'?
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While evidence consistently shows that in the absence of
HER2-directed therapy, HER2-positive disease has a poor-
er prognosis compared with HER2-normal cancer, recent
studies are now indicating that the prognosis associated with
trastuzumab-treated HER2-positive breast cancer is better than
that for HER2-normal breast cancer, thus indicating that trastu-
zumab has altered the natural history of HER2-driven cancer.*

Lapatinib is a dual tyrosine kinase inhibitor (TKI) of HER2
and epidermal growth factor receptor (EGFR or HERI1). Pa-
tients with advanced breast cancer or MBC who have already
progressed on regimens that included trastuzumab, an anthracy-
cline, and a taxane had a better TTP (8.4 vs 4.4 months; P <.001)
when they received lapatinib in combination with capecitabine
compared with those who received capecitabine alone.”” These
were the first results to show that continuing HER2-targeted
therapy after progression on a HER2-targeted regimen improves
outcomes. Moreover, these data led to the FDA approval of lapa-
tinib in 2007.

Trastuzumab and lapatinib have each been combined with

18 in clinical trials for

chemotherapy’® or endocrine therapy
HER2-positive  MBC,

safety profiles and improved outcomes compared with sin-

and have demonstrated acceptable

gle-agent chemotherapy or endocrine therapy. While data sup-
port the use of trastuzumab- or lapatinib-based therapy in the
trastuzumab-pretreated advanced disease setting,'” a head-to-head
study of paclitaxel plus trastuzumab or lapatinib in the frontline
setting showed improved progression-free survival (PFS) in the
trastuzumab arm.” Thus, trastuzumab-based therapy remains
the optimal choice in the firstline setting.

Trastuzumab has been evaluated in several studies in the neo-
adjuvant setting and has been shown to improve outcomes com-
pared with chemotherapy alone.'"? However, when lapatinib was
compared with trastuzumab in combination with neoadjuvant
anthracycline-taxane-based chemotherapy in the GeparQuinto
trial,”! the pathologic complete response (pCR) rate at the time
of surgery was significantly lower in the lapatinib group (93 of
307 patients [30.3%] in the trastuzumab group and 70 of 308
patients [22.7%)] in the lapatinib group; P =.04). Therefore, the
use of lapatinib alone or in combination with chemotherapy is
not supported by evidence in the neoadjuvant setting.

Dual Receptor Blockade: Lapatinib Plus Trastuzumab

Preclinical studies have demonstrated synergy in vitro and in vivo
by combining lapatinib with trastuzumab.?>?* Based on these
data, clinical evaluation of dual HER2 targeting was undertaken,
and ultimately showed that in heavily pretreated, trastuzumab-re-
sistant HER2-positive MBC, PFS and OS were improved with
trastuzumab plus lapatinib compared with lapatinib alone.?*?

These data therefore support the use of trastuzumab in combina-

tion with lapatinib in trastuzumab-pretreated MBC.

Dual HER2 targeting with lapatinib and trastuzumab has also
been evaluated in the early-stage setting but has demonstrated
conflicting results. In the phase Il CHER LOB trial,*® paclitaxel
was combined with trastuzumab, lapatinib, or their combina-
tion, followed by an anthracycline-based regimen. Patients in the
lapatinib-trastuzumab combination arm had a 46.7% pCR rate
compared with 25% in the trastuzumab arm and 26.3% in the
lapatinib arm.

Similarly, in the phase III NeoALTTO study,” paclitaxel was
given in combination with lapatinib or trastuzumab or both.
While the pCR rate (with pCR defined as no invasive cancer in
breast and no cancer metastases in lymph nodes, or American
Joint Committee on Cancer stage ypT0/is ypNO) was signifi-
cantly higher in the group receiving both HER2-targeted drugs
(46.8% for lapatinib plus trastuzumab vs 27.6% for trastuzumab
vs 20.0% for lapatinib; P = .007), the eventfree survival (EFS)
and OS were no different in the combination arm compared
with single-agent HER2-targeted therapy.”® In contrast to these
2 studies, the phase III NSABP B-41 trial,”” in which patients
received paclitaxel plus lapatinib and/or trastuzumab after doxo-
rubicin/cyclophosphamide, showed no significant difference be-
tween treatment arms in terms of pCR.

In addition to these data in the neoadjuvant setting, the ALT-
TO study®® revealed that adjuvant lapatinib plus trastuzumab did
not improve DFS compared with trastuzumab alone, underscor-
ing the lack of data to support the use of lapatinib in the curative
setting.

What's Neu With HER (HER2/neu): Pertuzumab and T-DM1
Pertuzumab is a novel humanized mAb directed at the dimeriza-
tion domain (domain 2) of HER2. Specifically, it inhibits li-
gand-dependent signaling between HER2 and HER3, which is
known to activate a potent cell-survival signal. Because of the
different binding sites, trastuzumab and pertuzumab have dif-
ferent but similar and complementary mechanisms of action.*

The combination of pertuzumab with trastuzumab was
evaluated in a large phase III randomized trial in the firstline
HER2-positive MBC setting.*>** The results of this study showed
that the addition of pertuzumab to trastuzumab and docetaxel
significantly prolonged both PFS and OS compared with tras-
tuzumab and docetaxel alone. Based on these data, in 2012 the
FDA approved pertuzumab in combination with trastuzumab
and docetaxel for HER2-positive MBC in patients who had re-
ceived no prior HER2-directed therapy.

Two phase II trials have evaluated pertuzumab-plus-trastuzum-
ab-based therapy in the neoadjuvant setting. In the randomized,
multicenter phase II NeoSphere trial,** pertuzumab and/or tras-
tuzumab with or without docetaxel were given for 4 cycles prior
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to surgery. In this trial, the use of dual HER2-targeted therapy
with pertuzumab and trastuzumab combined with docetaxel was
associated with a significantly improved pCR (45.8%) compared
with pertuzumab or trastuzumab plus docetaxel (24% and 29%,
respectively).**

The cardiac safety of pertuzumab plus trastuzumab combined
with chemotherapy was evaluated in the phase II, randomized
neoadjuvant TRYPHAENA study.” In 2 of the treatment arms,
trastuzumab (H) and pertuzumab (P) were given concurrently or
sequentially with an anthracycline-based (5-fluorouracil, epiru-
bicin, cyclophosphamide [FEC] followed by docetaxel [T]) che-
motherapy regimen (FECHP-THP and FECTHP). A third arm
evaluated the safety of concurrent docetaxel and carboplatin
with trastuzumab and pertuzumab (TCHP). Low rates of symp-
tomatic systolic dysfunction were noted in all 3 arms in this rel-
atively small study, and there was no evidence that pertuzumab
increased the rate of cardiac dysfunction. Although the primary
endpoint of this trial was cardiac safety, the secondary endpoint
was pCR. The pCR rates were high in all 3 treatment arms
(61.6% vs 57.3% vs 66.2%).

Based on the results of these 2 studies, in September 2013
the FDA approved 3 neoadjuvant regimens for HER2-positive
breast cancer (THP x 4 cycles; FEC x 3 cycles followed by THP
x 3 cycles; and TCHP x 6 cycles). Subsequently, National Com-
prehensive Cancer Network (NCCN) guidelines supported the
use of pertuzumab with trastuzumab in the adjuvant setting;
however, the use of pertuzumab in the adjuvant setting is still be-
ing evaluated in the APHINITY trial (NCT01358877), in which
patients with HER2-positive breast cancer are randomized to re-
ceive adjuvant chemotherapy and trastuzumab with or without
pertuzumab for 1 year.

Ado-trastuzumab emtansine (T-DM1) is another novel an-
ti-HER2 therapy. Specifically, it is an antibody-drug conjugate
(ADC) in which trastuzumab is stably linked to a potent micro-
tubule inhibitor, which is a derivative of maytansine (DMI).
T-DM1 was compared with lapatinib and capecitabine in the
second-line, advanced-disease setting in the EMILIA study.’
Patients with HER2-positive MBC whose disease progressed
on trastuzumab and taxane-based therapy had an OS of 30.9
months in the T-DM1 arm compared with 25.1 months in the
control group. Importantly, TDMI is associated with improved
tolerability compared with standard therapy.

In the TH3RESA trial,”” a heavily pretreated patient popula-
tion with advanced HER2-positive breast cancer was randomized
to receive T-DM1 compared with physician’s choice therapy.
The PFS was significantly improved with TDM1 compared with
physician’s choice (median, 6.2 months vs 3.3 months; P <.001),
providing further evidence of the relative activity and tolerability
of this agent against the current standard therapy.

These findings led to the FDA approval of the first ADC for
breast cancer in 2013. T-DM1 has been compared with docetaxel
plus trastuzumab in firstline MBC in a phase II study, and
demonstrated a significant 5-month improvement in PFS com-
pared with the control arm.”® The use of T-DMI in the front-
line setting is being more definitively evaluated in the phase III
MARIANNE study (NCTO01120184), the results of which are
pending. In that study, patients with MBC or recurrent, locally
advanced HER2-positive breast cancer receive T-DM1 with or
without pertuzumab compared with a taxane and trastuzumab.
A global press release on December 18, 2014, indicated that the
MARIANNE study met the noninferiority endpoint, showing
similar PFS among the 3 arms; however, it did not meet the PFS
superiority endpoint for T-DM1-containing regimens. The full
results have not been presented publicly as of the date of this
publication.

As an adjuvant treatment, T-DM 1 is being compared with tras-
tuzumab in the phase III KATHERINE trial (NCT01772472),
while in the KAITLIN trial (NCT01966471), taxanes will be
given postoperatively with either T-DMI1 plus pertuzumab or
trastuzumab plus pertuzumab in patients who have already re-
ceived anthracycline-based chemotherapy. In the neoadjuvant
setting, KRISTINE (TRIO-021; NCT02131064) is an ongoing
trial in which patients are randomized to receive TDMI1 with
pertuzumab compared with TCHP.

Emerging Agents for HER2-Positive Breast Cancer

Neratinib is a potent pan-TKI that irreversibly inhibits HER2.
An ongoing phase III study (NALA; NCT 01808573) is compar-
ing neratinib plus capecitabine to lapatinib plus capecitabine for
patients with HER2-positive MBC that progressed on 2 prior
HER2-targeted regimens. In the ExteNET trial NCT00878709),
patients with early-stage HER2-positive breast cancer who re-
ceived adjuvant trastuzumab for a year were randomized to re-
ceive neratinib or placebo for an additional year. A press release
in 2014 indicated that neratinib was associated with a 33% im-
provement in DFS compared with placebo; however, these re-
sults have not been peer-reviewed or publicly presented to date.
Given the increased rate of diarrhea from neratinib, preemptive
use of antidiarrheal drugs is being evaluated in ongoing clinical
trials.

MM-302 is a novel ADC that offers targeted delivery of pe-
gylated liposomal doxorubicin to cancer cells overexpressing the
HER2 protein. Based on a phase I monotherapy study, MM-302
is well tolerated with promising activity, especially in patients
with anthracycline-naive breast cancer.”” In the phase II random-
ized HERMIONE trial (NCT02213744), the investigational drug
MM-302 plus trastuzumab will be compared with chemotherapy of
physician’s choice plus trastuzumab in anthracycline-naive patients
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with locally advanced breast cancer or MBC that has progressed on
pertuzumab and T-DM1 in the advanced-disease setting.
ONT:380, also known as ARRY-380, is a small-molecule selec-
tive inhibitor of HER2. Given that it is associated with highly po-
tent inhibition of HER2 without significant inhibition of HER1,
ONT-380 may have a better side-effect profile with less skin rash
and GI toxicity compared with other dual inhibitors. Currently,
there are 2 ongoing phase Ib clinical trials with ONT-380 in wom-
en with HER2-amplified breast cancer. In the first trial, ONT-380
is given with capecitabine and/or trastuzumab in patients whose
disease progressed after trastuzumaband T-DM 1 (NCT02025192).
In the second study, ONT-380 is given with T-DM1 in patients
who were previously treated with trastuzumab and taxanes

(NCT01983501). Results are eagerly awaited from these 2 studies.

Small HER2-Positive Tumors

The biological aggressiveness of HER2-positive breast cancer
leads many clinicians to recommend trastuzumab-based che-
motherapy even for tumors smaller than 2 cm in size. Howev-
er, randomized studies evaluating the benefit of this approach
for small, lymph node-negative tumors are lacking, and the
proportion of patients with tumors smaller than 1 cm in size
enrolled in the large adjuvant studies is very small. Moreover,
trastuzumab-based regimens can lead to considerable side effects,
owing mainly to the cytotoxic chemotherapy used. Therefore, giv-
en the efficacy and tolerability profile of T-DM1 in the metastatic
and neoadjuvant settings, a phase II study is being conducted
(the ATEMPT trial; NCTO01853748) for patients with stage I
HER2-positive tumors. In this randomized trial, patients will
receive T-DM1 or paclitaxel in combination with trastuzumab,
with both HER 2-targeting drugs given for 1 full year, in the adju-
vant setting in order to compare the effectiveness of the 2 treat-
ment arms, and to assess symptoms and changes in quality of life.

Management of HER2-Positive Breast Cancer Brain Metastases
Treating patients with brain metastases is definitely more chal-
lenging due to the lack of effective therapies that cross the blood-
brain barrier, as well as the poor prognosis associated with this
condition. Although randomized studies to indicate the thera-
py or therapies associated with optimal outcomes are lacking,
in 2014 the American Society of Clinical Oncology published
clinical practice guidelines for the management of patients with
HERZ2-positive breast cancer with brain metastases, indicating
that patients should receive appropriate systemic therapy for ex-
tracranial disease as well as appropriate local therapy, which may
include surgery, whole-brain radiotherapy, and/or stereotactic
radiosurgery.”© The major determinants of the choice of treat-
ment are a patient’s performance status, multifocality, and size
of the lesions. The consensus indicates that patients should not
undergo screening imaging of the brain unless they are symptom-

atic, because doing so has not been shown to improve long-term
outcomes for patients.

What Obstacles Are We Facing With HER2 Targeting?
HER2-targeted approaches have revolutionized the treatment
and outcomes associated with HER2-overexpressing breast can-
cer. However, de novo and acquired resistance to HER2-directed
approaches remains a clinical challenge. Several resistance mech-
anisms have been described, including mutations in other sig-
naling pathways, such as the insulin-like growth factor receptor,
receptor crosstalk, and autophagy.*!

Another mechanism of resistance is the presence of a short
form of HER2 that is constitutively active and missing the p95
extracellular domain. This short-form HER2 does not respond
to trastuzumab therapy because the trastuzumab-binding domain
is lacking.* The presence of PI3K mutations may also play a role
in resistance to anti-HER2 therapy, thus providing rationale for
targeting the PI3K/mTOR pathway.® Interestingly, these pre-
clinical data are confirmed by the findings of the BOLERO-3
trial,* in which the addition of everolimus (an mTOR inhibitor)
to trastuzumab and vinorelbine significantly prolonged PFS in
patients with trastuzumab- and taxane-resistant disease. In the
BOLERO-1 trial, patients with HER2-positive MBC were ran-
domized in the firstline setting to receive trastuzumab and pacl-
itaxel with or without everolimus.

While uncommon in breast cancer, HER2 somatic mutations
may also play a role in breast carcinogenesis in tumors lacking
HER2 amplification. Therefore, tumors with those mutations
may be resistant to reversible HER2 inhibitors but sensitive to
irreversible ones.”” More than 12 different HER2 mutations have
been described, and identification and targeting of those muta-
tions may prove to be beneficial in the treatment of this disease.

Conclusions

The discovery of the HER2 alteration as a driver of disease biol-
ogy in up to one-quarter of breast cancers led to a paradigm shift
in the way this malignancy was understood, such that it is now
recognized and accepted that breast cancer comprises heteroge-
neous subtypes that are each best treated with molecularly target-
ed approaches. The successful development of trastuzumab, the
first drug targeting HER2-positive cancer, validated the concept
that we can improve disease biology by treating the underlying
molecular driver. In the past decade, 3 more HER2-directed ther-
apies—lapatinib, pertuzumab, and T-DM1—have earned regulato-
ry approval based on data in the metastatic and early-stage set-
tings. While the outcomes associated with this disease have been
dramatically improved with the use of these agents, resistance to
these approaches remains an unmet clinical need. Understand-
ing the mechanism of resistance to HER2-directed therapy will
hopefully lead to the development of novel therapeutic agents
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aimed at preventing or circumventing resistance, thus turning an
otherwise terminal disease into a chronic condition.
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