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abstract

This article overviews future trends for the treatment of ErbB2 (HER2)-positive breast
cancer. It is based on a presentation given at the ECCO 14 congress, September 2007.

Novel ErbB2-targeted agents and/or treatment combinations have shown promise
in treating ErbB2-positive metastatic breast cancer. Combinations include two agents
that both inhibit ErbB2 and existing/novel ErbB2 inhibitors with chemotherapy and/or
vascular endothelial growth factor (VEGF)- and VEGF receptor (VEGFR)-targeted
agents. Early data suggest lapatinib (an ErbB1/2 inhibitor that recently received
European approval) may be valuable in treating and/or preventing brain metastases
secondary to ErbB2-positive breast cancer. Furthermore, based on promising data
in metastatic disease, adjuvant and neoadjuvant lapatinib monotherapy and
combination therapy trials are ongoing in early disease. Translational research will
become increasingly important with new/novel agents to optimize outcomes through
individualized treatment.

In summary, novel targeted agents/combinations may fulfill unmet treatment
needs in ErbB2-positive breast cancer; ongoing research will confirm therapeutic
potential.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The preceding reviews in this supplement have explored
the issues and latest advances relating to the treatment
of ErbB2 (HER2)-positive breast cancer. In particular,
they have highlighted the unmet needs that must be
overcome to improve clinical outcomes in patients with
ErbB2-positive breast cancer receiving targeted therapies,
and they have also summarized recent advances
with novel targeted agents in development that may
ultimately represent improved first-line options. These
novel treatment options may offer hope to ErbB2-positive
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breast cancer patients, including those who do not
respond to, or who become insensitive to, trastuzumab-
based regimens. Improved treatment options in this
latter group would be particularly beneficial, as 40–50%
of patients with ErbB2-positive metastatic disease do not
respond to trastuzumab-containing regimens, and the
majority of those who do respond to trastuzumab plus a
taxane or vinorelbine develop progressive disease within
1 year after initiation of therapy. 1−4

As discussed in the accompanying review article in this
supplement authored by Dr David Cameron, lapatinib is
at themost advanced stage of clinical development of the
novel targeted agents for the treatment of ErbB2-positive
breast cancer currently in the pipeline. This agent has
shown clinical promise in patients who either do not
respond to, or who lose response to, trastuzumab. Con-
sequently, lapatinib has been approved in some regions
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(the USA, the European Union and Switzerland) for the
treatment of this patient group. Lapatinib is the first
oral, small-molecule dual-targeted therapy that works
intracellularly to inhibit ErbB1 (epidermal growth factor
receptor [EGFR]) and ErbB2 receptor tyrosine kinases. 5

Lapatinib acts by inhibiting ErbB2-mediated intracellular
signalling pathways, resulting in inhibition of tumour
growth associated with increased apoptosis. 6,7

This article will focus on future trends for the targeted
treatment of patients with ErbB2-positive breast cancer,
which are geared towards further improving treatment
options and outcomes for these patients. For metastatic
disease, this includes trials to evaluate the efficacy of
new combinations of lapatinib and trastuzumab with
other targeted agents that inhibit ErbB2 dimerization
or are anti-angiogenic. It is hoped that results from
these trials will provide valuable first-line treatment
options for those patients who have been pretreated with
trastuzumab. In addition, trials are planned or ongoing to
evaluate the feasibility of preventing the development of
secondary brain metastases and/or improving outcomes
in patients with brain metastases, which remains a
significant management challenge. 8−11 These trials are
especially relevant as the incidence of brain metastases
has increased, particularly since the advent of trastu-
zumab. 12 For early stage ErbB2-positive breast cancer,
trials to further evaluate lapatinib as a monotherapy or
combination therapy in adjuvant/neoadjuvant settings
are planned or ongoing; these include definitive, head-
to-head comparisons with trastuzumab that should help
guide future clinical decision making.

2. Future trends in the treatment of metastatic
ErbB2-positive breast cancer

Ongoing trials that may impact the treatment paradigm
in ErbB2-positive breast cancer include those evaluating
novel combinations in heavily pretreated patients with
metastatic disease, such as those who have received
at least one trastuzumab-containing regimen. These
patients have, until recently, had no other recommended
treatment options. Other trials include those evaluating
the potential of lapatinib in the prevention or treatment
of secondary brain metastases and those evaluating the
efficacy of this novel targeted agent in early stage ErbB2-
positive breast cancer.

2.1. Novel combinations for the treatment of patients who
have received at least one line of trastuzumab-containing
therapy

Novel combinations of ErbB2-targeted agents, each
specific for a target on a distinct signalling pathway,
or agents that target more than one molecule, may
be required to prevent the continued activation of
a bypass/salvage pathway that would otherwise drive

tumour growth, and result in treatment failure. 13 Hence,
a future challenge for the treatment of ErbB2-positive
breast cancer is the identification and optimal use of
the most appropriate treatment combinations and/or
treatment sequences. These could include combining a
targeted agent with either another targeted agent and/or
a standard chemotherapy.
A number of trials are currently attempting to

determine the optimal use of treatment combinations
and/or treatment sequences for patients with ErbB2-
positive metastatic breast cancer previously treated with
trastuzumab. The ErbB2/ErbB3 dimerization inhibitor
pertuzumab (2C4) is a monoclonal antibody (mAb), like
trastuzumab, but targets a different region of ErbB2. 14

Preliminary results from the first stage of a Phase II study
combining trastuzumab (2mg/kg once weekly or 6mg/kg
once every 3 weeks [q 3wk]) with pertuzumab (420mg
q3wk) in 33 patients with ErbB2-positive metastatic
breast cancer previously treated with trastuzumab,
showed an overall response rate (ORR) of 18% (3% com-
plete response, 15% partial response [PR]). At present,
patients are being recruited for the second stage of the
study. 15 In a separate Phase III, randomized, controlled
study in a similar patient population (reviewed in detail
by Dr Cameron in this supplement) an ORR of 23.7%
was reported in patients administered a combination
of lapatinib (1250mg orally [po] once daily [QD]
continuously) and capecitabine (2000mg/m2/day po on
Days 1–14 q3wk). 16 The results of these trials suggest
that this lapatinib combination regimen is at least as
efficacious as trastuzumab plus pertuzumab in treating
metastatic ErbB2-positive breast cancer in patients
following one line of a trastuzumab regimen. However,
this conclusion should be interpreted with caution due to
the limitations associated with cross-study comparisons.
Definitive conclusions on the relative efficacy of these
two targeted regimens can only be drawn from an
appropriately designed head-to-head clinical trial.

2.2. Ongoing trials evaluating combinations targeting ErbB2
and angiogenesis

Several lines of evidence support the use of ErbB2-
targeted agents in combination with anti-angiogenic
agents that target vascular endothelial growth factor
(VEGF) or its receptor (VEGFR): VEGF expression is
linked to ErbB2 signalling; overexpression of ErbB2
results in induction of VEGF; 17 and a significant positive
association between ErbB2 and VEGF expression has
been demonstrated in primary breast tumour tissue
lysates from 611 patients. 18 Therefore, there is a strong
rationale for the combination of ErbB2 inhibitors with
VEGF/VEGFR inhibitors for the treatment of breast
carcinoma. For this reason, both trastuzumab and
lapatinib are currently under evaluation in combination
with anti-VEGF/VEGFR agents.
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Table 1 – Most frequently reported adverse events in patients with solid tumours
administered lapatinib in combination with pazopanib: studyVEG10006 (n=43) 21

Adverse event (n) Grade 1 Grade 2 Grade 3 Grade 4 Total

Diarrhoea 10 2 3 0 15

Fatigue 7 5 0 1 13

Nausea 9 2 0 0 11

Anorexia 8 3 0 0 11

Vomiting 9 0 0 0 9

Hair depigmentation 7 0 0 0 7

Rash 6 1 0 0 7

Abdominal cramps 3 2 1 0 6

The humanized mAb bevacizumab binds to VEGF to
inhibitVEGFR-mediated intracellular signalling pathways
that promote angiogenesis, thus disrupting the tumour
vasculature. 19 This agent is in Phase III development
for the treatment of ErbB2-positive breast cancer.
Preliminary data have been reported from the first 30
of a planned 50 patients enrolled in a Phase II trial
evaluating trastuzumab (2mg/kg once weekly) combined
with bevacizumab (10mg/kg once every 2 weeks). 20 This
combination regimen resulted in an ORR of 46% (all PR)
in the first-line setting in patients with ErbB2-positive
locally advanced or metastatic breast cancer. 20 Stringent
cardiac safety surveillance was followed in this trial and
six cardiac adverse events (AEs; National Cancer Institute
Common Toxicity Criteria version 2) were reported, one
of which was symptomatic: two were grade 1, three were
grade 2 and one was grade 4.

Pazopanib is an oral, small moleculeVEGFR tyrosine ki-
nase inhibitor currently in Phase II clinical development
for ErbB2-positive breast cancer and secondary brain
metastases. 21 An ongoing Phase II study is evaluating
lapatinib (1500mg po QD) in combination with pazopanib
(400–800mg po QD) versus lapatinib alone, as first-
line therapy for ErbB2-positive advanced or metastatic
breast cancer (study VEGF20007). A prior Phase I dose
escalation study (lapatinib dose range: 750–1500mg
po QD; pazopanib dose range: 200–500mg po QD) showed
that this combination was well tolerated in patients with
solid tumours. 21 In the 33 patients evaluated, lapatinib
was well tolerated in combination with pazopanib, with
the majority of AEs being of grades 1–2 (Table 1). Only
one grade 4 event (fatigue) and four grade 3 events
were reported (diarrhoea, n=3; abdominal cramps, n=1).
Diarrhoea, fatigue, nausea, anorexia and vomiting were
the most common AEs.

2.3. Potential for lapatinib in the treatment and prevention of
secondary brain metastases

Brain metastases affect 25–30% of women with ErbB2-
positive breast cancer, 22−26 and are associated with a
high burden of care. 27 The management of secondary
brain metastases in ErbB2-positive breast cancer remains

challenging and outcomes are poor. 8−11 Preliminary data
have suggested that lapatinib may have activity in
the treatment (study EGF105084) and prevention (study
EGF100151) of breast cancer-associated brain metastases
as the first site of relapse. An exploratory analysis
in the EGF100151 study demonstrated a significantly
lower frequency of central nervous system metastases
as the first site of relapse with lapatinib (1250mg
po QD continuously) plus capecitabine (2000mg/m2/day
po on Days 1–14 q 3 wk) versus capecitabine alone
(2500mg/m2/day po on Days 1–14 q3wk; 2% vs 6%;
p=0.045). 16 This suggests an associated potential to
reduce the incidence of brain metastases as first site of
recurrence in metastatic breast cancer.

In the EGF105084 study, 241 patients with ErbB2-
positive breast cancer, who had radiographically docu-
mented progressive CNS disease and had received prior
treatment with cranial radiotherapy, were treated with
lapatinib 750mg po twice daily. The primary endpoint
(a 50% volumetric reduction in brain lesion) was achieved
by 19 of 241 (7%) patients evaluated. 28 The median abso-
lute volume reduction was 3.1 cm3 (range 0.17–29.7 cm3)
in these 19 patients. 28 In addition, 46 patients (19%)
achieved the secondary endpoint of a 20% reduction
in volume of lesion (median absolute volume reduction
1.9 cm3; range 0.08–29.7 cm3). 28 Although overall activity
was modest, the results demonstrate single-agent
activity of lapatinib in patients with recurrent brain
metastases from ErbB2-positive breast cancer.
Taken together, the results of these two studies

in ErbB2-positive breast cancer patients suggest that
lapatinib may be of value in the management of brain
metastases. 16,28,29 On the basis of these promising early
data, lapatinib is undergoing further clinical evaluation
for the management of brain metastases secondary
to ErbB2-positive breast cancer (studies EGF107671 and
VEG109909).

3. Why use lapatinib in early stage Erb2-positive
breast cancer?

The demonstrated promising efficacy of lapatinib in
the treatment of ErbB2-positive breast cancer in the
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Fig. 1 – TEACH (Tykerb Evaluation After Chemotherapy) study design: evaluating lapatinib in the adjuvant setting. FISH =
fluorescence in situ hybridization; IHC = immunohistochemistry; po = oral; QD = once daily.

Fig. 2 – ALTTO (Adjuvant Lapatinib and/or Trastuzumab Treatment Optimisation) study design: definitive head-to-head
comparison of lapatinib with trastuzumab in the adjuvant setting. N=8000 (2000 per treatment arm).

metastatic setting warranted further evaluation of this
agent in earlier stages of disease. Thus, a clinical
development programme was designed to include
evaluation of lapatinib as a monotherapy or combination
therapy in the adjuvant and neoadjuvant treatment of
ErbB2-positive early breast cancer.
The Tykerb Evaluation After Chemotherapy (TEACH)

study is a Phase III, two-armed, randomized, double-
blind, placebo-controlled study of single-agent lapatinib
(1500mg po QD) in the adjuvant treatment of ErbB2-
positive invasive breast cancer in patients without
prior trastuzumab treatment (Figure 1). 30 It represents
the first study to evaluate lapatinib in the adjuvant
setting and aims to determine whether adjuvant
lapatinib therapy for 1 year improves disease-free
survival. Planned enrolment for the TEACH trial is
3000 patients; to date, more than 1500 patients have
been enrolled. Key inclusion criteria include: initial
diagnosis of confirmed breast cancer Stage I−III; ErbB2-
positive (i.e., by immunohistochemical staining [intensity
of 3+] or fluorescence in situ hybridization); completed
primary therapy; and no clinical/radiographic evidence
of disease.
The Adjuvant Lapatinib and/or TrastuzumabTreatment

Optimisation (ALTTO) study is a Phase III, four-armed,

randomized, open-label, multi-centre study comparing
the activity of lapatinib alone, versus trastuzumab
alone, versus trastuzumab followed by lapatinib, versus
lapatinib concomitantly with trastuzumab in the adju-
vant treatment of patients with ErbB2-positive breast
cancer. 31 The study design is shown in Figure 2.
The ALTTO trial represents the largest global adjuvant
study to date, encompassing the most comprehensive
translational research programme in cancer research. It
is a pioneering, collaborative group study with a planned
enrolment of 8000 patients (2000 patients per treatment
arm).

In addition to these two adjuvant studies, lapatinib
is also being evaluated in the neoadjuvant setting. The
NEO-Adjuvant Lapatinib and/or Trastuzumab Treatment
Optimisation (NEO-ALTTO) study is a three-armed,
randomized, Phase III neoadjuvant trial comparing tras-
tuzumab plus lapatinib with single-agent trastuzumab
or lapatinib in patients with operable or palpable ErbB2-
positive breast cancer. 32 The study design is shown in
Figure 3. All arms will include a 12-week period of
weekly paclitaxel prior to surgery. The NEO-ALTTO study
represents the first trial to evaluate the combination
of trastuzumab plus lapatinib in the neoadjuvant
setting.
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Fig. 3 – NEO-ALTTO (NEO-Adjuvant Lapatinib and/or Trastuzumab Treatment Optimisation) study design: evaluating the use
of lapatinib in the neoadjuvant setting. *1500mg/day; †2mg/kg qwk; ‡80mg/m2 qwk; §6mg/kg q3wk. FEC = 5-fluorouracil,
epirubicin, cyclophosphamide; FISH = fluorescence in situ hybridization; IHC3+ = immunohistochemical staining intensity
of 3+; MO = no distant metastasis; Nx = regional lymph nodes cannot be assessed; PET = positron emission tomography;
q (3)wk = every (three) weeks; T = tumour.

4. The role of translational research in the evolving
management of ErbB2-positive breast cancer

Translational research is critical in advancing the
management of breast cancer. With the increasing
number of targeted agents available, this type of research
is essential to identify biomarkers that will determine
which patients will respond best to a given agent. This
includes both response prediction and toxicity reduction,
with the ultimate goal of individualized treatment for
optimal clinical outcomes in each patient. As noted
above, the ALTTO study encompasses a comprehensive
translational research component, which it is hoped will
provide a substantial amount of data in this respect.

5. Conclusions

This is an exciting time in the management of
ErbB2-positive breast cancer, with numerous novel
agents currently in development and new combinations
being tested in comprehensive clinical development
programmes. These novel agents and combinations have
the potential to fulfill the unmet needs that exist in
these patients. Indeed, it is hoped that a breakthrough in
the treatment of ErbB2-positive metastatic breast cancer
could be determined from investigating new agents and
new regimens in the adjuvant setting, and through
the power of the associated translational research. The
combination of novel agents, novel combinations and
a more individualized approach to treatment are likely
to have a significant impact on the ErbB2-positive

breast cancer treatment paradigm; the exact nature of
this change will depend on the outcomes of ongoing
research.
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