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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Discuss the optimal strategies to treat HER-2" metastatic breast cancer patients in the first-line setting and after

recurrence with adjuvant trastuzumab.

2. Identify the current first-line therapeutic options for HER-2" metastatic breast cancer, including HER-2/hormone

receptor copositive tumors.

3. Discuss the most important advances for HER-2 " metastatic breast cancer and the potential of novel anti-HER-2

therapies.

@ This article is available for continuing medical education credit at CME.TheOncologist.com.

ABSTRACT

Background. The prognosis for breast cancer patients
overexpressing human epidermal growth factor receptor
(HER)-2 has changed with anti-HER-2-targeted therapy.
Although anti-HER-2 therapy with trastuzumab and che-
motherapy is the standard first-line treatment, the best
therapeutic regimen has yet to be defined, and new strate-
gies are evolving.

Methods. A literature review of well-established and re-
cently published trials, reviews, and ongoing clinical trials

addressing first-line treatment for HER-2" metastatic
breast cancer patients was performed.

Results. Taxanes are the agents most commonly used in
combination with trastuzumab, but other chemotherapy
drugs, such as anthracyclines, vinorelbine, and gemcitabine
and triple-combination therapies including platinum com-
pounds, capecitabine, and taxanes have been studied. The
combination of aromatase inhibitors with anti-HER-2 thera-
pies is a new therapeutic option for some patients who coex-
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press HER-2 and hormone receptors, although its activity
observed in randomized clinical trials seems to be inferior to
that of chemotherapy plus anti-HER-2 therapies. In addition,
new anti-HER-2 therapies have shown activity in HER-2"*
tumors, both alone and in combination with trastuzumab.

Treatment of HER-2" MBC

Conclusions. Trastuzumab plus chemotherapy is the
current standard of care for the upfront treatment of
HER-2" breast cancer patients, though other anti-HER-
2-targeting agents may appear as new standards in the up-
coming years. The Oncologist 2012;17:631-644

INTRODUCTION

Breast cancer is the most common tumor type in women [1].
Metastatic breast cancer (MBC) is an incurable disease, and
systemic treatment aims to prolong survival, control disease
progression, alleviate symptoms, and enhance patient quality
of life. Although early detection and improvements in therapy
have augmented survival rates by ~1% per annum in recent
years, the 5-year survival rates for stage IV cancer remain
<25% [2].

The human epidermal growth factor receptor (HER) family
of receptors has been proposed as a target in cancer therapy.
This family comprises four receptors, HER-1 to HER-4. The
receptors are inactive as monomers, but binding of a ligand to
the extracellular domain induces the formation of receptor ho-
modimers and heterodimers. This results in phosphorylation of
the tyrosine kinase, which consequently triggers a complex
and multilayered network of inter-related signaling pathways
that are involved in the control of several cellular processes
such as apoptosis, migration, growth, adhesion, and differen-
tiation (Fig. 1) [3-5].

The overexpression or HER-2 or amplification of HER-2,
which occurs in 15%-20% of invasive breast cancers, is of
clinical importance. Of note, HER-2 has been validated as a
prognostic factor and also as a predictive biomarker for HER-
2-targeting therapy [6, 7]. MBC patients with HER-2" tumors
are known to have aggressive disease and a poor prognosis,
with shorter overall survival (OS) and disease-free survival
times [6]. Trastuzumab (Herceptin®; Genentech, Inc., South
San Francisco, CA), a recombinant humanized anti-HER-2
monoclonal antibody that targets the extracellular domain of
HER-2 with high affinity, was developed in the early 1990s
and was the first clinically available HER-targeting treatment.
Trastuzumab, when combined with chemotherapy, produces
not only a higher overall response rate (ORR) and longer time
to disease progression (TTP) but also a longer OS time [8, 9],
and it has become the standard treatment for patients with
HER-2* MBC [10]. In fact, the natural history of HER " breast
tumors has been dramatically modified by trastuzumab. Da-
wood and colleagues retrospectively compared the prognoses
of patients with HER-2~ MBC and HER-2" MBC, with and
without the addition of first-line trastuzumab treatment [11].
Patients with HER-2" disease who received trastuzumab had
better outcomes than those with HER-2™ disease (44% lower
risk for death). However, other anti-HER-2 drugs and new
strategies have recently been shown to be active, even in pa-
tients who have received trastuzumab-based therapies, and
some of these therapies are being studied as first-line treat-
ments.

METHODS

A literature review using MEDLINE and PubMed was per-
formed to search for first-line treatment strategies in the
HER-2" MBC setting. The search strategy was restricted to
English-language articles of clinical trials as well as reviews
highlighting first-line HER-2* MBC management (using key
words such as “metastatic breast cancer,” “first-line treat-
ment,” “HER2-positive,” “trastuzumab,” “target therapy”). In-
cluded publication years were 1987 to the present. The
evaluated MBC treatments were chemotherapy, endocrine
therapy, and targeted treatments alone and in combination. The
main articles on trastuzumab cardiotoxicity and mechanisms
of trastuzumab resistance were also included. When no spe-
cific publications highlighting first-line treatment in HER-2™"
patients were found, the strategy was broadened to include, us-
ing the manual search engine, annual conference presentations
(i.e., the American Society of Clinical Oncology annual meet-
ings and annual San Antonio Breast Cancer Symposium).
‘When redundant publications were found, the most recent ones
were used. In order to address some important advances in
HER-2* MBC therapeutics, the U.S. National Institutes of
Health database of ongoing clinical trials (http://www.
ClinicalTrials.gov) was searched.

99 ¢

RESULTS

Trastuzumab as First-Line Therapy
Trastuzumab was shown to be active in patients with HER-2™
MBC in the first-line setting as a single agent [12, 13] and in
combination with cytotoxic therapy [8, 9].

Trastuzumab and Taxane-Based Therapy

In the pivotal HO648g trial, patients were randomly selected to
receive chemotherapy alone (anthracycline-based therapy in
anthracycline-naive patients or 3-weekly paclitaxel in anthra-
cycline-pretreated patients) or in combination with trastu-
zumab [8]. Patients who received trastuzumab-based therapy
had greater clinical benefit (Table 1). In the M77001 study, do-
cetaxel plus trastuzumab was significantly superior to do-
cetaxel monotherapy, and long-term follow-up showed that
22% of patients were still alive 4 years after receiving the com-
bination therapy [9, 14]. These data established taxanes and
trastuzumab as the standard first-line treatment for patients
with HER-2" MBC. Whether or not trastuzumab alone is
equivalent to the standard docetaxel and trastuzumab combi-
nation as first-line treatment was explored in the HERTAX
trial. The purpose of that study was to compare the initial use of
docetaxel plus trastuzumab with sequential trastuzumab fol-
lowed by docetaxel treatment. Although the median progres-
sion-free survival (PFS) times were 9.4 months for patients in
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Figure 1. Schematic representation of HER signaling. The ligand-induced formation of different homo- and heterodimers and the re-
cruitment of various downstream adaptor and effector proteins allow the activation of numerous signal transduction pathways.
Abbreviations: AO-1, activator protein 1; CDR, complementary determining regions; E2F, 17-B-estradiol factor; ERK, extracellular
signal-related kinase; HER, human epidermal growth factor receptor; MEK, mitogen-activated protein kinase/ERK kinase; NF«kB, nu-
clear factor kB; PDK, 3-phosphoinositide-dependent protein kinase; PI3K, phosphoinositide 3-kinase; PKB, protein kinase B; SOS, son
of sevenless; SRF, serum response factor; STAT, signal transducer and activator of transcription; TCF, T-cell factor; TK, tyrosine kinase

the combination arm and 3.9 months for patients in the mono-
therapy arm (p = .0001), and the median PFS time for patients
in the sequential arm was 9.9 months (p = .22), definitive con-
clusions cannot be drawn because of the small study size [15].

Trastuzumab and Vinorelbine-Based Therapy

Based on the high activity observed with vinorelbine and tras-
tuzumab in small phase II trials, randomized studies aimed to
compare taxanes with vinorelbine, both in combination with
trastuzumab [16—-18]. The TRAVIOTA trial, designed to com-
pare trastuzumab plus weekly vinorelbine with taxane therapy,
showed equivalent efficacy between arms. Because of poor ac-
crual, the study was closed prematurely with 81 evaluable pa-
tients instead of the original target of 250 [16]. Recently, the
HERNATA trial confirmed the role of vinorelbine plus trastu-
zumab versus docetaxel plus trastuzumab as an alternative
first-line therapy combination. In that study, the TTP (median,
12.4 months versus 15.3 months), ORR (59.3% in both arms),

www.TheOncologist.com

and OS time (median, 35.7 months versus 38.8 months) did not
differ between arms. More patients in the docetaxel arm were

forced to discontinue treatment as a result of toxicity (20% ver-
sus 7%; p < .001) [17].

Trastuzumab in Triple-Combination Therapy

Taxanes and trastuzumab in triple combinations have shown
higher ORRs in randomized phase III trials (Table 1). Combi-
nation regimens containing trastuzumab, a taxane, and a plat-
inum agent have shown benefit in the first-line setting,
confirming preclinical data that demonstrated synergistic or
additive interactions of these agents with trastuzumab in breast
cancer cell lines [19]. Whereas the addition of carboplatin to
trastuzumab plus paclitaxel resulted in a superior ORR and
PFS interval, as reported by Robert et al. [20], the Breast Can-
cer International Group 007 trial did not show a benefit with
the addition of carboplatin to trastuzumab plus docetaxel [21].
Noteworthy is the fact that, in the former study, the dose of
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Table 1. Trastuzumab and taxane-based therapy as a first-line treatment

kg until PD
Robert et al. [20] 98

wk alone

followed by T wk alone

Response (%) Median Median
OS TTP
Study n Regimen (doses in mg/mz) CR PR OR SD PD (mos) (mos)
Comparison of taxanes
with and without
trastuzumab
Slamon et al. [8] 101 P, 175 q3wk + T, 4 mg/kg loading 8 34 41*  NR NR 22.1 6.9%
then 2 mg/kg per wk
P, 175 q3wk 2 15 17 NR NR 184 3.0°
Marty et al. [9] 92 D, 100 q3wk + T, 4 mg/kg loading 7 54 61* 27 NR 31.2% 11.7¢
then 2 mg/kg/wk
94 D, 100 q3wk 2 32 34 44 NR 22.7% 6.1%
Triple therapy with
taxanes and
trastuzumab
Wardley et al. [25] 112 T, 8 mg/kg loading then 6 mg/kg + 23.2 473 70.5 25 36 0.75° 18.3%
D, 75 q3wk + X, 950 BID days
1-14 q3wk
110 T, 8 mg/kg loading then 6 mg/kg + 16.4 56.4 727 164 9.1 0.66" 13.6*
D, 100 q3wk
Valero et al. [21] 132 D, 75 mg/m? q3wk + C,AUC =6 17 55 72 15 83 374 10.3
q3wk (8 cycles) + T, 4 mg/kg
loading then 2 mg/kg per wk then
T, 6 mg/kg until PD
131 D, 100 g3wk + T, 4 mg/kg loading 18 54 72 18 84 37.1 11.0

then 2 mg/kg per wk then T, 6 mg/

T, 4 mg/kg loading then 2 mg/kg 10 42 52* 38 10 357 NR
per wk + 6 cycles P (175) and C
(AUC = 6) q3wk, followed by T

98 T, 4 mg/kg loading then 2 mg/kg 3 33 36 43 21 322 NR
per wk + 6 cycles P (175) q3wks

2-year survival probability.

“Statistically significant difference between groups (p <.05).

Abbreviations: AUC, area under the curve; BID, twice day; C, carboplatin; CR, complete response; D, docetaxel; NR, not
reported; OS, overall survival; P, paclitaxel; PD, progresive disease; PR, partial response; q3wk, every 3 weeks; SD, stable
disease; T, trastuzumab; TTP, time to progression; wk, weeks, X capecitabine.

paclitaxel was maintained in both arms, and in the latter study
the lower dose of docetaxel in the triple-combination arm
could have contributed to its lack of efficacy. To optimize such
combinations, the North Central Cancer Treatment Group
study 983252 evaluated the efficacy and tolerability of two dif-
ferent schedules of paclitaxel-carboplatin—trastuzumab [22].
All outcomes were better when paclitaxel was administered in
a weekly regimen rather than every 3 weeks. Although toxicity
has been a major concern, such a triple combination can be
considered in clinical practice when a rapid response is man-
datory.

Gemcitabine and trastuzumab have been explored with
taxanes and with platinum compounds [23, 24], achieving
ORRs of 52.5% and 66%, respectively, in two phase II clinical
trials. Both regimens can be considered active in the first-line
scenario; however, they are associated with more hematologic

toxicity than with other approaches. Moreover, the MO16419
CHAT (Capecitabine, Herceptin®, and Taxotere®) study
showed that the addition of capecitabine to trastuzumab and
docetaxel yielded a superior PFS outcome (hazard ratio [HR],
0.72; p = .045) and longer TTP (HR, 0.70; p = .033), although
ORRs and OS times were similar [25].

Trastuzumab and Anthracycline-Based Therapy

Anthracyclines are considered one of the most active agents
for MBC, especially in the HER-2" population [26]. It is
known that the combination of trastuzumab with doxorubicin
or epirubicin and cyclophosphamide is associated with a high
rate of cardiac toxicity (27% incidence of cardiac events in the
H0648g trial) [8, 27]. In fact, cardiac toxicity, manifested as
symptomatic congestive heart failure (CHF) or asymptomatic
left ventricular ejection fraction (LVEF) decline, is an impor-
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tant adverse effect of trastuzumab that has been attributed to
blockade of HER-2 signaling in cardiac myocytes and appears
to be reversible and manageable. Of note, in the pivotal trial, 63
patients had documented symptomatic or asymptomatic car-
diac dysfunction. Forty-four of those 63 patients received stan-
dard medical treatment, with an improvement in 33 patients
(75%) [8].

The incidence of severe CHF observed in the large adju-
vant trastuzumab trials was in the range of 0%—4% (Table 2)
[18, 28—-33]. Importantly, results from those studies vary and
direct comparisons among trials are difficult, mostly because
of differences in cardiac event definitions, inclusion/exclusion
criteria, monitoring schedules, and the timing of trastuzumab
administration.

Liposomal forms of doxorubicin provide efficacy similar
to that of conventional doxorubicin with a significantly lower
risk for cardiotoxicity and CHF [34-36]. Non-pegylated lipo-
somal doxorubicin (NPLD) and pegylated liposomal doxoru-
bicin (PLD) have been evaluated in combination with
trastuzumab alone and with trastuzumab plus taxanes [37—42].

In a phase I-II trial, a high ORR of 98.1% and a median
TTP (not reached in locally advanced breast cancer patients
and 22.1 months in MBC patients) were observed among 54
patients treated with NPLD, paclitaxel, and trastuzumab at the
recommended doses (50 mg/m? every 3 weeks for NPLD and
80 mg/m> per week for paclitaxel) [39]. There was no treat-
ment-related CHF with this triple combination; however, 12
patients (17%) developed asymptomatic declines in LVEF,
and in eight of those patients, the LVEF recovered to >50%
after a median of 9 weeks (range, 3—38 weeks).

A phase II study assessed the cardiac safety and clinical ef-
ficacy of PLD, docetaxel, and trastuzumab in HER-2* MBC
patients [41]. A response rate of 45.7% was reported, and the
median PFS and OS times were 10.6 months and 31.8 months,
respectively. In that study, some patients with HER-2™ disease
were treated with the same schedule without trastuzumab. In-
terestingly, cardiotoxicity was similar in both cohorts of pa-
tients, with rates of 25% and 24.4% (p = .99) in the HER-2™"
and HER-2" populations, respectively.

Mechanisms of Trastuzumab Resistance

Most HER-2™ breast cancer patients who initially respond to
trastuzumab subsequently become refractory and experience
disease progression [43]. A comprehensive understanding of
HER-2 biology and the molecular mechanisms underlying pri-
mary and acquired trastuzumab resistance is crucial to develop
new pharmacological strategies and to improve HER-2" pa-
tients’ clinical outcomes. Several possible mechanisms of tras-
tuzumab resistance were identified in preclinical and
retrospective studies, including loss of antibody binding, in-
creased downstream signaling, and activation of alternative
growth factor pathways.

However, most of these have not yet been validated in pro-
spective clinical trials. Although it is not the aim of this man-
uscript to review in detail the different mechanisms to
overcome trastuzumab resistance, Table 3 summarizes some
of the strategies that are being explored [44—71]. As an exam-
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ple, trastuzumab resistance may be driven by the activation of
alternative signaling pathways such as through HER-3. Inhibi-
tion of HER-3 signaling via the blockage of HER-2-HER-3
heterodimerization by pertuzumab and other anti-HER-3-
targeting therapies under clinical development is being pur-
sued. Notably, p9SHER-2 is a truncated form of HER-2 that
lacks the extracellular domain (and the binding site for trastu-
zumab) but conserves an intact intracellular domain with
strong kinase activity. It was recently demonstrated that ex-
pression of p9SHER-2 also correlates with de novo resistance
to trastuzumab-based therapy [44]. Seeking alternative anti—
HER-2 therapeutic strategies, Scaltriti and colleagues investi-
gated the activity of lapatinib, a small molecule that inhibits
both epidermal growth factor receptor (EGFR) and HER-2
phosphorylation, in p9SHER-2* tumors. Lapatinib was
proven to be efficacious in inhibiting tumor growth in several
trastuzumab-resistant p9SHER-2 preclinical models. Lapa-
tinib-based therapy was equally effective in p9SHER-2" and
P9SHER-2" patients, differing from trastuzumab-based ther-
apy [44]. Although these data seem encouraging and deserve
further translational and clinical investigation, recent neoadju-
vant trials (the Chemotherapy plus trastuzumab, lapatinib or
both [CHER-LOB] and GeparQuattro trials) have produced in-
conclusive data regarding p9SHER-2 status [72, 73]. A ran-
domized phase II trial will be launched to evaluate if
combination lapatinib-based therapy is more active than tras-
tuzumab-based therapy in patients with p9SHER-2" tumors.

Lapatinib as First-Line Therapy

Lapatinib as a Single Agent

Lapatinib (Tykerb®/Tyverb®; GlaxoSmithKline, Brentford,
U.K)) is a potent, selective, oral, reversible small-molecule
dual tyrosine kinase inhibitor (TKI) of both the HER-1 and
HER-2 signaling pathways. Based on pharmacokinetic data,
the EGF20009 study was designed to assess two different
doses of lapatinib (500 mg twice daily and 1,500 mg once
daily) in patients with HER-2* MBC as first-line agents [74].
In total, 138 patients were treated. The ORRs and clinical ben-
efit rates (CBRs) for the two treatment groups were not signif-
icantly different (22% versus 26%; p = 0.691 and 29% versus
33%; p = 0.714 for 1,500 mg and 500 mg, respectively), and
the median TTP was 7.9 weeks in both groups. The most com-
mon adverse events related to lapatinib did not differ between
treatment schedules and mainly consisted of grade 1 or 2 diar-
rhea (36%), rash (27%), pruritus (18%), and nausea (10%).

Lapatinib and Taxane-Based Therapy

The combination of paclitaxel and lapatinib was also tested in
clinical trials. Pharmacokinetic interaction between lapatinib
and paclitaxel resulted in a higher plasma concentration of
both drugs by 20%-25%, although a predictable and manage-
able safety profile was demonstrated [75, 76].

A phase III randomized trial evaluated the efficacy of
3-weekly paclitaxel with or without lapatinib in patients with
HER-2" or HER-2 status unknown MBC [59]. No statistically
significant differences were observed between groups. Inter-
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Table 2. Trastuzumab cardiac safety data

NSABP

B-31[28]* N9831 [29]*

HERA [30]

BCIRG 006 [31] FinHER [18] PACS-04 [32]

Treatment arms

AC-P AC-PT AC-P AC-P-T AC-PT Observation T

AC-D AC-DT DCa-T Ch Ch-T Observation T

Patients 872 932 664 710 570 1,719
Previous A 100% 100%

LVEF baseline =50% =50%

LVEF asymptomatic 17 34 UK 2.9
reduction (%)

CHF class III-1V (%) 1.3 39 0.3 2.5 33 0
Cardiac deaths 1 0 1 1 0 1

=55%

1,682 1,073 1,074 1,075 116 115 268 260
94% 100% 0 0 100%
=50% median 65-66 =50%
9.8 10 18 8.6 10.7° 6.8 22 42
0.8 038 1.87 0.38 1.7 0.9 0.4 1.7
0 0 0 0 0 0 0 0

0.45% for Ch arm [33].
°LVEF decrease >20%.

Abbreviations: A, anthracycline; BCIRG, Breast Cancer International Research Group; C, cyclophosphamide; Ca,
Carboplatin; Ch, chemotherapy; CHF, congestive heart failure; D, docetaxel; FinHER, Finnish Herceptin®; HERA,
Herceptin® Adjuvant; LVEF, left ventricular ejection fraction; NSABP, National Surgical Adjuvant Breast and Bowel
Project; P, paclitaxel; PACS, trastuzumab versus observation after adjuvant chemotherapy; T, trastuzumab; UK, unknown.
#Combined review of cardiac data from both trials showed 2% symptomatic heart failure events for T-based therapy and

estingly, 86 patients (15%) were considered to have centrally
defined HER-2" tumors. Although this was not the primary
objective of the trial, treatment with paclitaxel and lapatinib re-
sulted in a statistically significant longer TTP (36.4 weeks ver-
sus 25.1 weeks for paclitaxel alone versus the combination
therapy; p = .005) and greater ORR (63.3% versus 37.8%; p =
.023). The addition of lapatinib to paclitaxel resulted in higher
incidences of grade 3 rash (4% versus 0%) and grade 3 diarrhea
(15% versus 1%). Fatal adverse events were observed in 2.7%
and 0.6% of patients in the combination and single-agent arms,
respectively.

Lapatinib and trastuzumab, although targeting distinct do-
mains of HER-2, demonstrated a synergistic interaction in pre-
clinical studies [77, 78] and better clinical outcomes than with
lapatinib alone in trastuzumab-refractory patients [79]. A
phase I study assessed the safety and efficacy of adding
lapatinib to paclitaxel and trastuzumab in three different
dose cohorts [80]. The ORR for all patients was 75% and
was similar among all cohorts. However, a higher incidence
of severe gastrointestinal events (grade 3 diarrhea, 50%—
62%) was observed when lapatinib was administered at
higher doses. Pharmacokinetic interaction between lapa-
tinib and paclitaxel was observed in all cohorts of patients.
This three-drug combination is being explored in patients
with primary tumors.

HER-2-Hormone Receptor Copositive Tumors
Estrogen receptor (ER) and/or progesterone receptor expres-
sion occurs in ~50% of HER-2" breast cancers [81, 82].
Crosstalk between the ER and HER pathways promotes endo-
crine therapy resistance [83, 84]. For this reason, inhibiting
both the HER-2 and ER pathways at the same time should be a
more effective treatment strategy than ER inhibition alone
(Fig. 2).

Letrozole, an aromatase inhibitor (Al), was evaluated in
combination with trastuzumab in a phase II trial that showed,
for the first time, efficacy data in terms of durable responses

[82]. Two large randomized, first-line trials evaluating the
combination of Als with anti-HER-2 therapies in patients with
advanced HER-2" breast cancer were published. Lapatinib in
combination with letrozole was compared with letrozole alone
in 1,286 patients with MBC (EGF30008 study) [85, 86]. No-
tably, the primary objective of that trial was to assess the PFS
interval in the HER-2" population. In the HER-2—hormone
receptor copositive subgroup (219 patients), the addition of
lapatinib to letrozole was associated with a significantly
longer median PFS time than with letrozole alone (8.2
months versus 3.0 months; p = 0.019), greater ORR (28%
versus 15%; p = .021), and higher CBR (48% versus 29%;
p = .003). The most common grade 3 or 4 adverse events
included diarrhea and rash, and these were more common in
the lapatinib—letrozole arm (diarrhea, 10% versus 1%; rash,
1% versus 0%).

The TrAstuzumab in Dual HER2 ER-Positive Metastatic
breast cancer trial evaluated the benefit of adding trastuzumab
to anastrozole therapy versus anastrozole alone in 208 post-
menopausal patients [87]. The combination was significantly
more effective in regard to the median PFS interval (4.8
months versus 2.4 months; p = .0016), the primary objective
of the trial, and the ORR (20.3% versus 6.8%; p = .018). The
median OS times were 28.5 months and 23.9 months in the
combination and single-agent arms, respectively (p = .325).
Nevertheless, the crossover of 70% of patients from the anas-
trozole arm to trastuzumab-based therapy upon disease pro-
gression bears mentioning. The combination therapy was
manageable and well tolerated.

Optimization of First-Line Treatment for Patients
With HER-2" MBC

A New Loading Dose Schedule of Trastuzumab

In the standard weekly or 3-weekly regimen, the steady-state
concentration of trastuzumab is reached after ~18 weeks of
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Figure 2. Crosstalk between the ER and HER family signaling pathways in breast cancer. NGER and GER activities may be greater in
tumors with overexpression of EGFR and HER-2. Anti-ER and anti-HER therapies may reduce the crosstalk and overcome rous sarcoma

oncogene.

Abbreviations: CDR, complementary determining regions; EGFR, epidermal growth factor receptor; ER, estrogen receptor; GER,
genomic estrogen receptor; HER, human epidermal growth factor receptor; IGF, insulin-like growth factor; MAPK, mitogen-activated
protein kinase; mTOR, mammalian target of rapamycin; NGER, nongenomic estrogen receptor; PI3K, phosphatidylinositol 3-kinase;

SRC, rous sarcoma oncogene.

therapy. In patients receiving treatment who have earlier pro-
gression, trastuzumab administration might be discontinued
before serum levels reach steady-state concentrations. For this
purpose, a loading dose schedule of trastuzumab was studied
[88]. A total of 72 patients received a loading dose of 6 mg/kg
i.v. trastuzumab monotherapy over 90 minutes on days 1, 8§,
and 15 of cycle 1, followed by a 3-weekly maintenance dose of
6 mg/kg. That study demonstrated that higher than established
steady-state trastuzumab serum concentrations can be reached
during cycle 1 of the 3-weekly schedule. In 47 patients with
measurable disease, the ORR was 23.4%, and stable disease
was observed in 27.7% of patients; interestingly, the median
TTP was 7.7 months. This schedule was well tolerated, and no
unexpected adverse events were noted. Therefore, achieving
higher trastuzumab levels very early in the course of therapy,
similar to those observed at steady state, could be of benefit for
patients. This new trastuzumab schedule could be considered
in the design of new clinical trials, particularly in the neoadju-
vant setting.

www.TheOncologist.com

New Anti-HER-2 Agents Might Improve the Outcomes
for Patients With HER-2* MBC

Novel anti-HER-2 therapies are needed to overcome acquired
trastuzumab resistance and to improve patient outcomes.
There is a strong rationale for simultaneously targeting multi-
ple pathways considering the interactions between HER-2 and
other molecular pathways. Exciting new anti-HER-2—targeted
drugs and combinations are being studied in the first-line set-
ting of MBC (Table 4) [89-93], after showing promising re-
sults in trastuzumab-pretreated patients [61, 89].

Neratinib. Neratinib (HKI-272), a potent, oral, irreversible
pan-HER TKI (i.e., HER-1, HER-2, and HER-4) produced
an ORR of 56% and median PFS interval of 40 weeks in a
trastuzumab-naive population [95]. To better define the
role of neratinib in first-line treatment, a phase III trial is
being conducted comparing neratinib plus paclitaxel with
the standard trastuzumab and paclitaxel regimen [90]. In
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Table 3. Trastuzumab mechanisms of resistance and novel therapeutic approaches to HER-2" breast cancer

Mechanism of resistance

Example/target

Agent class

Drugs

Loss or prevention of trastuzumab
binding to HER-2 [44-49]

Upregulation of downstream
signaling pathways of HER-2
[50] [51, 52]

Alternative growth factor receptor
signaling pathways [53-63]

Other strategies [64—71]

MUC4
CD44—hyaluronan polymer complex

Truncated receptor p95

Downregulation of HER-2 expression

Increased circulating HER-2 ECD:
competition for binding

PTEN loss of function and/or PI3K/AKT

mutations

IGF-1R

MET

PCDGF
B1-/B4-integrin
EGFR

HER-3

Decreasing the expression of protein

processing of HER-2 and other signaling

components

Increasing toxicity of trastuzumab to
HER-2" cells

Increasing immunity against HER-2" cells

TKI

PI3K Inhibitor
mTOR Inhibitor

Inhibition of AKT
signaling

IGF-1R inhibitor
MET inhibitor

mAb

(HER-2/HER-3)

mAb (HER-2/HER-3)
Pan-HER TKI

mAb

TKI

HSP90 inhibitor
HDAC inhibitor

Proteasome inhibitor

Antibody—drug conjugate

Immunotherapy

Monoclonal antibody
Trifunctional bispecific:
target HER-2 and CD3

Genetically engineered Fc
of mAb

Trastuzumab resistance reversed
with knockdown of MUC4 in
breast cancer cells

Lapatinib

BEZ235, BGT226
XL147

GDC-0941

CCI-779 (temsirolimus)
RADOO1 (everolimus)
AP23573

Perifosine

GDC0068

CP-751871
NVP-AEW541
MK-0646

XL880

Pertuzumab
Pertuzumab

Neratinib

AMG 888

MM-121

Lapatinib

HKI-272

CI-1033 (PD183805,
Canertinib)

PKI-166

EKB-569
BIBW-2992
BMS-599626
AEE788

KOS-953 (17-AAG)
KOS-1022
AUY922

LAQS824

SAHA (Vorinostat)
Bortezomib

T-DM1

Anti-HER-2 therapeutic vaccine

Ertumaxomab

Enhanced FcyRIII receptor
binding on effector cells

Abbreviations: ECD, extracellular domain; EGFR, epidermal growth factor receptor; HDAC, histone deacetylase; HER,
human epidermal growth factor receptor; HSP90, heat shock protein 90; IGF-1R, insulin growth factor 1 receptor; mAb,
monoclonal antibody; MET, mesenchymal—epithelial transition factor; mTOR, mammalian target of rapamycin; MUC4,
membrane associated glycoprotein mucin-4; PCDGF, PC-cell derived growth factor; PI3K, phosphoinositide 3-kinase;

PTEN, phosphatase and tensin homolog; TKI, tyrosine kinase inhibitor.
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Table 4. Phase III clinical trials with new anti-HER-2 agents as first-line treatments
ClinicalTrials.gov identifier Regimen Estimated n of patients  Primary objective
NCT00915018 [90] Neratinib + paclitaxel 1,200 PES
Trastuzumab + paclitaxel
NCT00567190 [91] Trastuzumab + docetaxel + pertuzumab 808 PES
Trastuzumab + docetaxel+ placebo
NCTO01120184 [92] T-DMI1 + pertuzumab 1,092 PFS
T-DM1 + pertuzumab-placebo
Trastuzumab + taxane
NCTO00876395 [93] Everolimus + trastuzumab + paclitaxel 717 PES
Trastuzumab + paclitaxel
NCT00391092 [94] Bevacizumab + trastuzumab + docetaxel 424 PES
Trastuzumab +docetaxel
Abbreviations: HER, human epidermal growth factor receptor; PFS: progression-free survival.

addition, a new generation of irreversible inhibitors of
EGFR and a HER-2 TKI, BIBW 2992, are in early phases of
clinical development [96].

Pertuzumab. To achieve more powerful blockade of the
HER-2 signaling pathway, trastuzumab in combination
with pertuzumab, a HER-2-targeted monoclonal antibody
that prevents HER-2 dimerization, has shown encouraging
results in patients with prior progression on trastuzumab
therapy [97]. The observed ORR was 24.2%, and adverse
events, most of them grade 1 or 2, included diarrhea, fa-
tigue, and nausea. Importantly, a recently published phase
III randomized trial in the first-line setting (CLEOPATRA
study) that assessed trastuzumab and docetaxel with either
pertuzumab or placebo demonstrated dramatic results in
terms of the PFS time (18.5 months versus 12.4 months;
p < .001), consistent across predefined subgroups. There
was a higher response rate (80.2% versus 69.3%; p = .001)
and also a trend toward a longer survival time for the dual
HER-2 blockade. There was no difference in the incidence
of cardiac adverse events; although patients in the pertu-
zumab arm had higher incidences of diarrhea, rash, mucosal
inflammation, and febrile neutropenia, these were mainly
grades 1 and 2 [91].

The concept of complete HER-2 blockade with various
regimens containing trastuzumab, lapatinib, and pertu-
zumab led to interesting results in at least five phase II-III
studies in the neoadjuvant setting [72, 98—101]. High rates
of pathologic complete response (pCR) were observed with
various regimens with trastuzumab and lapatinib (the neo-
ALLTO [Neoadjuvant Lapatinib and/or Trastuzumab
Treatment Optimisation], GeparQuinto, CHER-LOB trials)
and with trastuzumab and pertuzumab (the NeoSphere and
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TRYPHAENA trials). Chemotherapy-free regimens also
led to pCRs in a remarkable number of cases (16.8% with
trastuzumab plus pertuzumab in the NeoSphere trial) [98].
A randomized phase II study (TRYPHAENA) investigat-
ing the combination of pertuzumab and trastuzumab with or
without an anthracycline-based chemotherapy regimen
reached its primary endpoints (safety and tolerability), re-
gardless of which chemotherapy scheme was chosen [101].

Trastuzumab-DM1. Trastuzumab-MCC-DM1 (T-DM1)
is a first-in-class anti-HER-2 antibody—drug conjugate
that combines the biological activity of trastuzumab with
a highly potent antimicrotubule agent (DM1) and specif-
ically targets HER-2—expressing cells, conferring selec-
tivity to the cytotoxic agent and thus increasing the
therapeutic index [102]. A phase II study of T-DM1 as a
single agent revealed clinical activity (ORR, 25.9%) in
patients with HER-2" MBC who had progressed while
receiving trastuzumab-based chemotherapy [69]. The
most common adverse events were grade 1 or 2 and con-
sisted of fatigue, nausea, and headache. The observed
grade 3 or 4 adverse events were thrombocytopenia, hy-
pocalemia, and fatigue. In the first-line setting, T-DM1
was compared with trastuzumab plus docetaxel and was
associated with robust efficacy. A significantly longer
PFS interval (14.2 months versus 9.2 months; p = .0353)
and greater rate of durable response (median duration,
not reached versus 9.5 months) were observed for
T-DMI1, whereas the ORR did not differ between arms
(64.2% versus 58.0%). A lower rate of adverse events
grade =3 (46.4% versus 89.4%) confirmed the better tol-
erability of T-DM1 [103]. A phase III study of T-DM1
plus pertuzumab or T-DM1 plus placebo versus trastu-
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zumab plus a taxane in first-line treatment is currently
recruiting patients [92].

Everolimus. The mammalian target of rapamycin (mTOR)
is involved in the cellular processes that contribute to the
development and progression of breast cancer [104]. Con-
sequently, various mTOR inhibitors have been developed
and studied in combination with chemotherapy. In patients
previously treated with trastuzumab, the addition of
everolimus to trastuzumab (with or without paclitaxel) was
clinically active, and the toxicity was acceptable. Partial re-
sponses were observed in 19% and 15% of patients treated
with the three or two agents, respectively, and the median
TTP were 6 months and 3.9 months, respectively [105,
106]. Based on these previous data, the BOLERO 1 phase
IITI trial is evaluating the combination of everolimus with
trastuzumab and paclitaxel as a first-line MBC treatment
[93].

Bevacizumab. Overexpression of HER-2 is associated
with the upregulation of vascular endothelial growth factor
(VEGF) in breast cancer cells. Clinical evidence suggests
that VEGF may be involved in the aggressive phenotype of
HER-2" breast cancers [107]. This rationale supports the
use of combination therapies targeting both HER-2 and
VEGF. Bevacizumab, a VEGF-specific angiogenesis in-
hibitor, in combination with trastuzumab, showed promis-
ing results in a phase II study as a first-line therapy [108].
The ORR was 48% and the median TTP was 9.2 months.
Although 32% of patients experienced a decrease in LVEF,
all events were asymptomatic and either grade 1 or 2. There
was one event (grade 4) detected in a patient who had pre-
viously received anthracyclines. The recent phase III
Averel trial, which evaluated the efficacy and safety of do-
cetaxel and trastuzumab with or without bevacizumab, met
its primary endpoint. The investigator-assessed PFS inter-
val was an average of 3 months longer for HER-2" patients
who received bevacizumab in the first-line setting (13.7
months versus 16.5 months; HR, 0.82; p = .0775). No dif-
ference was seen in the OS times (38.3 months versus 38.5
months; HR, 1.01; p = .9543). A potential predictive role
for high plasma VEGF-A levels could be inferred by an ex-
ploratory analysis [94].

HER-2* MBC After Progression on Adjuvant
Trastuzumab-Based Therapy

Trastuzumab represents the standard therapy for the adjuvant
treatment of HER-2™ breast cancer patients [18,31, 109-111].
Unfortunately, an important number of patients experience
progression during or after trastuzumab adjuvant therapy and,
for those patients, the standard of care is unclear. Furthermore,
it is not yet established when a tumor should be considered as
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trastuzumab sensitive, refractory, or resistant; many oncolo-
gists consider an interval of 1 year between the end of adjuvant
trastuzumab and relapse. The Finnish Herceptin® trial sug-
gested that docetaxel administered concomitantly with trastu-
zumab is more effective than vinorelbine plus trastuzumab,
each followed by 5-fluorouracil, epirubicin, and cyclophosph-
amide, as adjuvant treatment of HER-2" early breast cancer
[18].

Considering that the HER-2 status might change in up to
30% of recurring or MBC cases [112-115], its accurate assess-
ment should be pursued because treatment options could
change in a proportion of cases. Therefore, HER-2 retesting
represents a clinically relevant strategy whenever feasible. An-
other potential approach is the substitution of blood for tumor-
tissue analysis because some bloodborne circulating
biomarkers (e.g., cell-free DNA [cfDNA] and circulating tu-
mor cells) have shown promise as noninvasive and real-time
alternatives to biopsies. The recent detection of HER-2 ampli-
fication in plasma cfDNA in primary breast cancer and MBC
patients, as shown by Page et al. [116], might pave the way for
routine blood sampling for HER-2 amplification.

There are many strategies under development for HER-2™"
breast cancer patients, such as novel TKIs, new monoclonal
antibodies combined with chemotherapy, and inhibitors of
multiple signaling pathways [117]. The management and the
choice of HER-2—based therapy after progression in the adju-
vant setting depends on patient characteristics, tumor biology,
and previous treatments [118]. Currently, trastuzumab remains
the only anti-HER-2 agent approved in combination with non-
anthracycline chemotherapy for the first-line treatment of
MBC patients. Lapatinib with letrozole was recently approved
for the treatment of postmenopausal women who coexpress
hormone receptors and HER-2 and for whom hormonal ther-
apy is indicated [85]. Lapatinib in combination with capecit-
abine showed a higher ORR (22% versus 14%; p = .09),
longer median TTP (8.4 months versus 4.4 months; p < .001),
and fewer cerebral metastases than with capecitabine mono-
therapy [119] in patients who were progressing on trastuzumab-
based therapy. Based on these findings, the combination was
approved for second-line therapy for patients previously treated
with an anthracycline, a taxane, and trastuzumab, and this might
be an attractive option for patients progressing on treatment or just
after finishing adjuvant trastuzumab.

One attractive chemotherapy-free approach is the combi-
nation of trastuzumab and lapatinib. A phase III trial demon-
strated a significantly longer median PFS interval (12 weeks
versus 8.1 weeks; p = .008) with trastuzumab plus lapatinib
than with lapatinib monotherapy in patients with previous ex-
posure to trastuzumab, an anthracycline, and a taxane [79]. Al-
though there was no difference in the ORRs (10.3% versus
6.9%; p = .46), the CBR was superior for the combination arm
(24.7% versus 12.4%; p = .01). A trend toward a longer OS
time was observed for patients in the anti-HER-2 combination
arm (HR, 0.75; 95% confidence interval, 0.53—-1.07; p = .106).

The administration of trastuzumab beyond disease pro-
gression on trastuzumab also showed positive results in the
phase III German Breast Group 26/Breast International Group
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03-05 trial [120]. Patients who received further trastuzumab
plus capecitabine, compared with capecitabine alone, showed
a significantly greater ORR (48% versus 27%; p = .0115) and
longer TTP (8.2 months versus 5.6 months; p = .0338).

CONCLUSIONS

Although trastuzumab-based therapy is the standard first-line
therapy for patients with HER-2" MBC, the optimal schedule
remains to be defined. Taxanes have emerged as the drugs
most commonly used in combination with trastuzumab, and
they are used in the control arm of all randomized phase III
trials. However, some important considerations have been
raised. First, platinum compounds have been shown to im-
prove the response rate and PFS time in combination with pac-
litaxel and trastuzumab; nevertheless, adverse events remain a
major issue in patients for whom quality of life is a primary
consideration. Second, the role of anthracyclines has not been
completely elucidated. A recently completed phase III trial,
designed to compare weekly paclitaxel and trastuzumab with
or without NPLD, will reveal anthracyclines’ potential role in
this clinical scenario. Third, more “friendly” regimens, such as
vinorelbine with trastuzumab, have shown promising activity
and might be an appealing alternative to taxanes in an impor-
tant subgroup of patients, especially in those with previous ex-
posure to neo- or adjuvant chemotherapy and with cumulative
long-term toxicities. Fourth, it is important to note that, al-
though the addition of trastuzumab or lapatinib to hormonal
therapy led to a significantly longer PFS interval, these clinical
trials were not designed to determine the optimal treatment for
patients with HER-2—hormone receptor copositive tumors.
HER-2" tumors appear to be resistant to hormonal therapy;
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thus, chemotherapy in combination with trastuzumab should
still be considered the standard of care. Nevertheless, there
might be a small subgroup of patients who might benefit from
Als in combination with trastuzumab or lapatinib for avoiding
unnecessary chemotherapy-related toxicity [121, 122].

On the other hand, it is very likely that other targeted agents
will have a role in the treatment of patients with HER-2™
MBC. Lapatinib, pertuzumab, neratinib, trastuzumab-DM],
bevacizumab, and everolimus are the most well-established
agents in this setting, and they may emerge as new standards of
care in the forthcoming years. Although the optimal sequence,
duration, and number of lines of anti-HER-2 treatment is not
yet clear, data from retrospective studies have shown that con-
tinued HER-2—directed therapy is a valuable option [123,
124]. Retreatment with trastuzumab or lapatinib-based thera-
pies after disease progression on T-DM1 [123] (and also treat-
ment with trastuzumab after progression on lapatinib) seems to
benefit patients [124]. Definitively, HER-2" breast cancer pa-
tients will receive anti-HER-2 therapies as part of their treat-
ment.
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