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Abstract This trial evaluated the effect of adding lapatinib
to letrozole after clinical resistance to aromatase inhibitor
(IA) treatment in hormone receptor-positive metastatic
breast cancer. Postmenopausal women received daily
letrozole plus lapatinib (1,500 mg). The primary end point
was objective rate response (ORR) at week 12. Secondary
objectives included time to response, duration of response,
clinical benefit (CB), progression-free survival (PFS), over-
all survival, and safety. Twenty-four human epidermal
growth factor receptor 2 (HER2)-negative patients were
included with secondary resistance to IA. ORR at 12 weeks
was 4 % (95 % confidence interval (CI), 0.7–20). Stable and
progression diseases were reported in 25 % (95 % CI, 12–45)
and 71 % (95 % CI, 51–85) of cases, respectively. At
24 weeks, the ORR increased to 8 %. CB was 21 % (95 %
CI, 9–40). At a median follow-up of 27 months, median PFS
was 3.4 months (95 % CI, 2.8–5.4). Grade 3 or 4 adverse
events were rarely reported. No clinical cardiac toxicity was

observed. Lapatinib was discontinued in two patients due to
severe diarrhea. This trial was prematurely closed due to low
recruitment. These preliminary results suggest that the addi-
tion of lapatinib to letrozole has a favorable safety profile and
could overcome tumoral resistance to letrozole among HER2-
negative tumors.
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Introduction

Breast cancer is the most commonmalignancy and the second
most common cause of cancer-related death in Western
European and North American women [1]. The worldwide
incidence of breast cancer in the year 2000 was estimated at
1,050,000 cases; mortality in the same year was estimated at
373,000 deaths [2]. In the USA, the incidence of breast cancer
is increasing, although the mortality rate from breast cancer
has decreased by approximately 1.9 % per year since 1990.
Mortality incidence in France in 2008 was calculated at
11,700 patients and the same decrease mortality in the last
10 years [3]. Despite improvements in early diagnosis, almost
all patients with metastatic disease and up to 40 % of patients
receiving adjuvant hormonal therapy eventually relapse and
die from their disease [4] which illustrates the current thera-
peutic limitations.

Breast carcinoma is a heterogeneous group of tumors, in
their biology, clinical behavior, prognosis, and treatment.
Hormonal therapy (HT) setting is an established standard in
metastatic breast cancer (MBC) that expresses hormonal re-
ceptors. Three new generations of aromatase inhibitors (AIs)
were developed during the 1990s, letrozole, anastrozole, and
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exemestane, which demonstrated better activity and survival
than megesterol acetate or tamoxifen in MBC patients [5–10].
As a result, AI has become the standard first-line HT in MBC.
Around 32 to 35 % of patients achieve an objective response
after 3 months of treatment with a median time to progression
of 8 months are observed.

A major therapeutic issue is represented by the outcome
of treatment resistance and approximately one half of pa-
tients with estrogen (ER)- and/or progesterone receptor
(PR)-positive tumors will respond to therapy. Several
models have been proposed to explain the mechanisms of
endocrine resistance including aberrant growth-signaling
pathways and have led to the rational design of studies
combining HT with signal transduction inhibitors in MBC.

Human epidermal growth factor receptor 2 (HER2)
overexpression in MBC has been associated with resistance
to endocrine tumors in preclinical and clinical work [11, 12],
possibly due to an interaction between ER and HER2 signal-
ing pathways. Upregulation and autocrine activation of these
receptors appears to convey an increased resistance to HTand
an increased risk for disease progression and death [13].
Additionally, increased expression of the epidermal growth
factor or transforming growth factor alpha, which are ligands
to epidermal growth factor receptor, is a poor prognostic factor
in some cancer patients [14, 15]. Expression of these ligands
appears to be responsible for maintaining HER receptors in an
activated state even in the absence of receptor overexpression.
Because HER2-containing heterodimers elicit such potent
mitogenic signals, targeting both HER2 and EGFR simulta-
neously may provide therapeutic synergy [16].

ER-positive breast cancer cells initially inhibited by an
antiestrogen can use an autocrine ErbB signaling network to
reestablish their growth [13]. Estrogen acts to suppress EGFR
expression in estrogen-responsive breast cancer cells, and con-
versely, estrogen depletion has been found to upregulate EGFR
expression [17]. Additionally, it has been shown that ER-positive
breast cancers associated with elevated serum HER2 levels are
relatively resistant to AI as well as to tamoxifen [12, 18, 19],
compared to breast cancers with normal serum HER2 levels.

There are data [20] showing that tyrosine kinase inhibitors
in combination with AI are able to reverse in vitro resistance to
hormonal therapy (tamoxifen) in breast cancer cell lines. It has
been suggested that double inhibition EGFR/HER2 may be
even more effective in further delaying the onset of resistance
in HER2-overexpressing cell lines [21, 22].

Simultaneous interruption of the ER and HER pathways
with an AI and dual EGFR and HER2 TKI, respectively, may
provide greater growth inhibition than that achievedwith either
agent alone. Additionally, this combination therapy may also
prevent or delay the development of hormone-resistant pro-
gressive disease that would occur with AI therapy alone.

Based on those results, we hypothesized that lapatinib, a
reversible TKI that inhibits both EGFR and HER2 added to

letrozole, may overcome resistance to first-line treatment
with AI in patients with MBC. Therefore, this study is
designed to evaluate the clinical effects, the efficacy, and
tolerability of the addition of lapatinib administered in com-
bination with letrozole, as treatment for hormone receptor-
positive, advanced, or MBC with a primary or secondary
resistance to AI.

Patients and methods

Study design

This phase II, open-label, multicenter, single-arm study aimed
to assess the objective response rate of lapatinib and letrozole
combination as first- or second-line treatment for locally ad-
vanced breast cancer or MBC after a primary or secondary
resistance to AI. Two cohorts of patients were studied: patients
with primary resistant tumor (cohort 1) who had a progressive
disease as best response or patients with secondary resistant
tumor (cohort 2) who had disease control followed by progres-
sion while they were receiving AI (exemestane, anastrozole, or
letrozole) defined as recurrence after 24 months in adjuvant
hormonal treatment or progression after response or clinical
benefit in metastatic setting. Patients must have received IA
during the last 12 weeks.

The study was conducted in accordance with the
Declaration of Helsinki and the International Conference on
Harmonisation Guidelines for Good Clinical Practice and
approved by the Institutional Review Board/Independent
Ethics Committee at the University Hospital of Besançon in
Franche-Comté, France.

Eligibility

Postmenopausal women with histologically proven MBC or
locally advanced breast cancer ER and/or PR positive who
signed informed consent and had received adjuvant or first-
line treatment with AI were eligible. Patients should have
demonstrated tumor progression while they received AI and
no longer be considered candidates for chemotherapy treat-
ment. Measurable disease was required. Hormone and
HER2 status were assessed locally by immunohistochemis-
try and/or fluorescence in situ hybridization. Other eligibil-
ity criteria included a performance status of 2 or less, left
ventricular ejection fraction (LVEF) ≥50 %, and adequate
hematologic, renal, and hepatic functions. Written informed
consent was required prior to the enrolment.

Patients with a previous chemotherapy for MBC or prior
therapy with any EGFR and/or HER2 inhibitor were not
eligible. Premenopausal patients or prior endocrine therapy
in the metastatic setting with tamoxifen or fulvestrant was
not allowed. Other exclusion criteria included history of
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other prior malignancies, significant cardiac disease, known
history of uncontrolled or symptomatic angina, arrhythmias,
congestive heart failure, malabsorption syndrome, disease
significantly affecting gastrointestinal function, or concurrent
treatment with oral or intravenous steroids.

Treatment plan

All patients received lapatinib 1,500 mg once a day (six tablets
dosed at 250 mg) in addition to letrozole (2.5 mg once a day).
Subjects were carefully instructed by study staff as how to take
therapy. A daily dose of lapatinib was taken at approximately
the same time each day. Subjects were instructed to take
therapy either 1 h (or more) before breakfast or 1 h (or more)
after breakfast. Inhibitor of CYP3A4 has been prohibited like
macrolides, antiretrovirals, protease inhibitors, systemic anti-
fungals, calcium channel blockers, cimetidine, aprepitant,
amiodarone, and grapefruit or its juice. A record of therapy
administered to each subject has been maintained in the source
documents.

Treatment was continued until progression, unacceptable
toxicity, or consent withdrawal. Dose adjustments and treat-
ment interruptions were planned according to adverse effects.

Tolerability and efficacy assessment

At baseline and before each cycle, vital signs and perfor-
mance status were assessed. Adverse events were evaluated
continuously and graded according to the National Cancer
Institute Common Toxicity Criteria (NCI-CTC) version 2.0.
Serum chemistry and hematology were evaluated before
each cycle. Cardiac evaluation with LVEF determination
by echocardiography was performed every 8 weeks.

Tumor evaluation (by physical examination and imaging
studies) was performed every 12 weeks and was assessed by
investigators at the site. For measurable lesions, the response
was defined according to Response Evaluation Criteria in
Solid Tumors (version 1).

Statistical design and methodology

The primary end point of this study was objective response
rate at 12 weeks. Secondary end points included best objec-
tive response rate (ORR), duration of response (DR),
progression-free survival (PFS), overall survival (OS), and
safety.

DR was defined, for responding patients only, as the
time from registration until disease progression. PFS was
the time between registration and disease progression,
death, or withdrawal of treatment due to adverse events
or insufficient therapeutic response, whatever occurs first.
OS was calculated from the date of registration to the
date of death from any cause or to the date of loss to

follow-up. Survival data were computed according to the
Kaplan–Meier method and analyses were performed on
treated population. Cox regression models have been
fitted to the data, including covariates for type of AI
resistance, site of disease, and prior adjuvant antiestrogen
therapy. Other factors predictive of response and time to
progression have been included in the models as appro-
priate. Hazard ratios and associated 95 % confidence
limits and p values for each factor were presented.

For each cohort, the study leads to a decision between
two pre-specified hypotheses about the probability of a
complete or partial tumor response, p. The null hypothesis
H0 (p=10 %) reflects a response rate that would be of no
clinical benefit, and the alternative hypothesis HA (p=25 %)
is a response rate that might lead to larger, confirmatory
studies. An interim analysis based on an evaluation of
confirmed tumor response from the first 38 recruited sub-
jects from each cohort had been conducted by an indepen-
dent data monitoring committee (IDMC).

The safety population included all treated patients.
Adverse events (AEs)/signs and symptoms of disease ob-
served by the investigator or reported by the patients were
recorded and graded according to the NCI-CTC version 3
whenever possible; otherwise, the Medical Dictionary for
Regulatory Activities version 6 was used.

Results

Patient’s characteristics

From January 2006 to November 2008, 28 patients were
enrolled in four centers in France. Based on the results pub-
lished by Johnston et al., the IDMC recommends an early
assessment of the BES06 trial.

One patient was not evaluated due to consent withdrawn
before treatment initiation. Three patients were excluded be-
cause of HER2-overexpressing tumors. All subsequent analy-
ses are performed in a population of 24 patients with HER2-
negative tumors. Patient demographic characteristics and base-
line disease characteristics are reported in Table 1. At baseline
median age of 67.2 years (range 34–93), all tumors were ER
positive, 20 % of patients had non-visceral metastases (bone,
effusion, skin, and node), 35 % had lung metastases, and 56 %
presented with at least two metastatic sites. Nine (36 %) of
patients included in the analysis had received prior adjuvant
anthracycline-containing chemotherapy. Three of them (12 %)
were also exposed to a taxane as part of their adjuvant regimen.
The median disease-free interval was 5.8 years (range
0.75–15.6). A total of six patients presented a metastatic
relapse while receiving adjuvant treatment by AI, 18 (75 %)
patients had a progressive disease under the first line of HT by
AI for MBC, and all cases analyzed were included in cohort 2.
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Dosing

Patients received treatment for a median of 18 weeks with
compliance (pill count agreement >80 %) higher than 90 %.
Treatment was discontinued before 12 weeks due to disease
progression in 17 patients (70 %). Lapatinib was decreased at
1,250mg in three patients (12%) and discontinued in two (8%)
patients due to severe diarrhea.

Safety

Non-hematological AEs probably or possibly related to
study medication are listed by patient in Table 2.

Non-hematologic non-cardiac toxicity

Severe AE (grade ≥3) were infrequent with 8 % diarrhea, 4 %
rash, and 4 % anorexia. No severe AE occurred for myalgia,
arthralgia, mucositis, nausea, vomiting, and eye disorders. No
patient died due to study treatment. One patient was withdrawn
from the study due to severe diarrhea. Toxicities were revers-
ible after reduction or permanent/transitory interruption of
lapatinib.

The most frequent non-hematological AEs of any grade were
diarrhea (53 %), asthenia (33 %), rash (32 %), mucositis (25 %),
anorexia (12 %), nausea (12 %), vomiting (12 %), watery eyes
(8 %), myalgia, articular disorders, abnormal liver function test,
rhinorrhea, and alopecia, which were observed in only 4 % of
patients.

Surprisingly, a case of asymptomatic grade 1 hypertriglyc-
eridemia was observed. This event might be related to treatment
because this toxicity recovered after drug discontinued due to
progression; even if this situation has never been described in
literature for both drugs.

Hematologic toxicity

No hematological toxicity was observed.

Cardiac toxicity

No clinical cardiac toxicity was observed in our study. Only three
(12 %) patients experienced an asymptomatic LVEF reduction
between 10 and 15 %.

Efficacy

The investigator-determined ORR at 12 weeks was 4 %
(95 % CI, 0.7–20) in the treated patient population
(Table 3), six patients (25 %) (95 % CI, 12 %–45 %)
had stable disease, and 17 patients (71 %) (95 % CI,
51 % to 85 %) experienced a progression under therapy
(Table 3). At 24 weeks, 2 of the 24 assessed patients

presented a complete response with an increase of the
ORR to 8 % (95 % CI, 2–26).

The median DR was 6 months among response-assessable
patients. In addition to the objective responses, three patients
(12 %) had tumor stabilization longer than 6 months. It results
in 21 % (95 % CI, 9–40) of patients experiencing a clinical
benefit (responsive or stable disease ≥6 months).

At a median follow-up of 27 months, median PFS was
3.4 months (95 % CI, 2.8 to 5.6 months) (Fig. 1) and the
median overall survival was not reached with 11 deaths at the
moment of evaluation.

Table 1 Patient and cancer characteristics

Included patients n=25

Age (years)

Median (ranges) 67.2 (34–93)

ECOG performance status, N (%)

0 11 (44)

1 14 (56)

Hormonal status ER and/or PgR, N (%)

ER+ PgR+ 19 (76)

ER+ PgR− 5 (20)

ER− PgR+ 1 (4)

HER2 receptors, N (%)

Positive 0 (0)

Not done 0 (0)

Disease-free interval (years)

Median (ranges) 5.8 (0.75–15.6)

Number of involved sites

1 11 (44)

2 10 (40)

3 or more 4 (16)

Main involved sites, N (%)

Visceral 20 (80)

Non-visceral (bone, effusion, node, skin) 5 (20)

Prior chemotherapy exposurea

Adjuvant 9 (36)

Prior adjuvant hormonotherapy exposure, N (%) 13 (52)

TAM 5

IA 6

TAM-IA 2

Primary resistance to IA, N (%) 0 (0)

Progression under adjuvant hormonotherapy 6 (25)

>24 months 2

>36 months 1

>60 months 3

Min minimum, Max maximum, ER estrogen receptor, PgR progester-
one receptor, HER2 human epidermal growth factor receptor 2, DFI
disease-free interval, ECOG Eastern Cooperative Oncology Group,
TAM tamoxifen, IA aromatase inhibitor
a In relapsed patients after adjuvant treatment
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Discussion

Despite promising initial responses to HT in a majority or
patients, a subset of patients fails to benefit from treatment,
displaying primary or de novo resistance. Even within the re-
sponders, acquisition of resistance during the course of treatment
(secondary resistance) is an additional challenge. Therefore,
intense investigations to understand the factors that contribute
to the resistance and to identify therapeutic strategies to over-
come the resistance are underway at various levels. Recently,
BOLERO 2, a phase 3 study that evaluated the association of
everolimus and exemestane compared to IA alone in an IA-
resistant population, showed a significant benefit in PFS,

reducing the risk of progression of 55 % in patients treated with
combination, a profile toxicity acceptable although about 20 %
of patients in the experimental arm presented significant toxicity
such as stomatitis, pneumonitis, hyperglycemia, or fatigue. The
overall survival results so far are favorable, although these will
be final in late 2013. This study led to the approval of
everolimus and is currently the standard treatment for postmen-
opausal women with ER+ HER2− MBC, progressing to IA.
Moreover, TAMRAD, a phase 2 study that evaluated the com-
bination of tamoxifen with everolimus compared to tamoxifen
alone in the same patient population, demonstrated significant
differences in favor of the combination, mainly in the subgroup
of patients with IA secondary resistance [23, 24].

Studies are being conducted in this population with different
inhibitors that interact in the PI3K pathway such as buparlisib
(BKM-120), a pan-class 1 PI3K inhibitor, or in other signaling
pathways such as dovitinib (TKI-258), a fibroblast growth
factor receptor inhibitor, which leads us to a new era of treat-
ment of this disease.

The rationale of this trial was developed because in HR-
positive breast carcinomas that are initially HER2-negative,
EGFR and HER2 pathways may become upregulated and
explain the development of endocrine resistance. A com-
bined inhibition of the kinase and endocrine pathways could
delay acquired resistance. An example was the anti-
epidermal growth factor receptor agent gefitinib. In vitro,
this drug improves antihormone response and prevents de-
velopment of resistance in breast cancer [25].

This phase II trial was designed to evaluate the efficacy and
the safety of lapatinib in combination to letrozole in MBC
pretreated with aromatase inhibitor after a primary (cohort 1)
or secondary (cohort 2) clinical resistance. Only patients from
the second group, defined by secondary resistance to AI, were
included.

We included all resistant patients independently of HER2
status, with a total population of 28. Nevertheless, based on

Table 3 Overall response rate

Treated population
n=24 (95 % CI)

Responsea, n (%)

At 12 weeks

Complete response 1 (4 %) (1–20)

Partial response 0 (0)

No change/stable disease 6 (25 %) (12–45)

Progressive disease 17 (71 %) (51–85)

At 24 weeks

Overall response rate 2 (8 %) (2–26)

Clinical benefit (CR + PR + SD >6 months) 21 % (9–40)

Response duration, median 6 months

95 % CI 95 % confidence interval
a Response/disease stabilization confirmed by analyses at least 1 month
apart
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0.2

0.3

0.4
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3

PFS

PFS, median [95% CI] 3.4 months (2.8-5.6)

Fig. 1 Progression-free survival

Table 2 Non-hematological toxicities possibly or probably related to
study treatment

NCI-CTC term, N (%) Patients, n=24
Non-hematological Grade 1 Grade 2 Grade 3–4

Rash 4 (16) 3 (12) 1 (4)

Diarrhea 7 (29) 4 (16) 2 (8)

Asthenia 7 (29) 1 (4)

Anorexia 2 (8) 1 (4)

Nausea 2 (8) 1 (4)

Vomiting 3 (12)

Abnormal liver function test 1 (4)

Hypertriglyceridemia 1(4)

Mucositis 1 (4) 5 (21)

Alopecia 1 (4)

Rhinorrhea 1 (4)

Myalgia 1 (4)

Articular disorders 1 (4)

Watery eyes 2 (8)
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the results of HER2-positive populations treated with letrozole
and lapatinib, published by Johnston, three patients with this
overexpression were excluded, and the present analyses were
performed in an HER2-negative population.

This trial was prematurely closed in November 2009 due
to low recruitment, and an interim analysis from the advice
of an independent committee review board based on ORR
was performed.

This present study showed that lapatinib plus letrozole
failed to achieve response in the majority of patients with
endocrine-sensitive, HER2-negative disease with a secondary
resistance to aromatase inhibitors. Nevertheless, these prelim-
inary results demonstrate that this combination seems to be
able to control tumor progression over AI resistance in which
29 % of patients achieved a clinical benefit. Moreover, 8 % of
complete response demonstrated the combination is able, in a
limited number of cases, to overcome the resistance to AI that
provides an encouraging signal of activity. This point is
suggesting a need to search for the identification of tumor
biological characteristics related to this activity of the associa-
tion letrozole–lapatinib.

Lapatinib is an oral receptor tyrosine kinase inhibitor
that targets HER-2 and has not been associated with
significant symptomatic cardiotoxicity [26]. This study
reported no significant clinical cardiac toxicity. Otherwise,
severe adverse events were infrequent. The most frequent all
grade non-hematological toxicity was diarrhea. It was revers-
ible after reduction or interruption of lapatinib. This toxicity
explained a dose adaptation or interruption in around 10 % of
patients, which is consistent with other publications [27].
Surprisingly, a case of asymptomatic grade 1 hypertriglyc-
eridemia probably related to lapatinib was observed. We have
no rational explanation for the only event although there might
be a relation between this alteration and liver injury. A revers-
ible alteration in the metabolism of lipids has been recently
described in animal models [28], especially associated with
hepatotoxicity. Rare incidence of serious hepatic adverse ef-
fects led to routine monitoring of liver function and this
preclinical finding and our observation could also motivate a
routine triglyceridemia monitoring.

The addition of targeted therapies to standard anti-
cancer agent has been enhancing the activities of nu-
merous standard treatments. A need to found targeted
therapies able to emphasize the activity of HT is
warranted. A better knowledge of biological interaction
mechanisms with ER/PgR pathway could be of interest
and it will allow an effective combination. The addition
of lapatinib seems to be reversing the resistance to IA
in a small proportion of patients. These results would
however require a better understanding of biological
mechanisms to confirm that a subpopulation of patients
with ER+, HER2− tumors benefits from such therapeu-
tic strategy.
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