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Abstract Lapatinib is approved in combination with

capecitabine for treatment of patients with human epider-

mal growth factor receptor 2 (HER2)-positive metastatic

breast cancer (MBC) who have progressed on prior trast-

uzumab in the metastatic setting. Vinorelbine is an

important chemotherapy option for MBC. We evaluated

efficacy and safety of lapatinib plus vinorelbine, compared

with lapatinib plus capecitabine, in women with HER2-

positive MBC. In this open-label, multicenter, phase II

study, eligible patients (N = 112) were randomized 2:1 to

lapatinib plus vinorelbine [(N = 75) 1,250 mg orally once

daily (QD) continuously plus 20 mg/m2/day intravenously]

or lapatinib plus capecitabine [(N = 37) 1,250 mg orally

QD continuously plus 2,000 mg/m2/day orally, 2 doses].

The primary endpoint was progression-free survival (PFS).

Other endpoints included overall survival (OS) and safety.

Patients progressing within the study were given the option

of crossover to the other treatment arm; time to second

progression was an exploratory endpoint. Patient demo-

graphics, stratification, and prognostic factors were well

balanced between treatments. Median PFS in both arms

was 6.2 months [95 % confidence interval (CI) 4.2, 8.8

(lapatinib plus vinorelbine); 4.4, 8.3 (lapatinib plus cape-

citabine)]. Median OS on lapatinib plus vinorelbine was
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24.3 months (95 % CI 16.4, NE) and 19.4 months (95 %

CI 16.4, 27.2) on lapatinib plus capecitabine. In total, 42

patients opted to cross over; median PFS was 3.2 months

(95 % CI 1.7, 5.1) on lapatinib plus vinorelbine and

4.0 months (95 % CI 2.1, 5.8) on lapatinib plus capecita-

bine. Lapatinib plus vinorelbine offers an effective treat-

ment option for patients with HER2-overexpressing MBC,

having displayed comparable efficacy and tolerability rates

to lapatinib plus capecitabine.

Keywords Breast cancer � HER2 � Lapatinib �
Vinorelbine � Capecitabine

Introduction

The human epidermal growth factor receptor 2 (HER2) is

frequently overexpressed in human cancers [1]. HER2-

positive breast cancers are associated with more aggressive

disease and poorer prognosis, leading to shorter overall

survival (OS) and disease-free survival intervals [2], if not

adequately addressed by targeted treatment. However,

prognosis has improved considerably since the introduction

of single- or even dual-targeted treatments [3, 4]. Trast-

uzumab is used as an adjuvant therapy for patients with early-

stage disease in combination with chemotherapy, and either

as monotherapy or in combination with cytotoxic agents for

patients with metastatic disease. Lately, different dual

HER2-targeted treatments have been established in order to

increase treatment efficacy. Statistically significant benefits

in OS, progression-free survival (PFS) and clinical benefit

response rate (CBR) were observed following combination

treatment with lapatinib and trastuzumab, compared with

lapatinib alone, in women with heavily pretreated, HER2-

positive metastatic breast cancer (MBC) [5–7]. Similarly, a

combination of pertuzumab, trastuzumab, and docetaxel

resulted in significant improvements in OS, compared with

placebo, trastuzumab, and docetaxel, in patients with HER2-

positive breast cancer [4]. However, even more, subsequent

treatment options are needed, particularly for those patients

who have previously received or progressed on trastuzumab,

or for whom trastuzumab is not clinically appropriate.

Lapatinib, a small-molecule dual kinase inhibitor of

HER2, is effective in combination with capecitabine for the

treatment for HER2-overexpressing MBC in patients who

have progressed on prior therapy including an anthracy-

cline, a taxane, and trastuzumab in the metastatic setting

[8]. There is a clinical need for additional cytotoxic com-

binations in multiple-line treatment, as progression is

common in HER2-positive disease.

Vinorelbine, a semi-synthetic, antimitotic, microtubule

destabilizing drug, is an emerging chemotherapy option for

HER2-overexpressing MBC, with overall response rates

(ORRs; also described as objective response rates) of

34–47 % [9–11] as monotherapy for breast cancer. The

combination of lapatinib and vinorelbine may be of clinical

value, having been studied in two phase I studies and two

non-randomized phase II studies; however, no randomized

studies have been reported to date [12–15].

The aim of this study was to evaluate the efficacy and

safety of lapatinib plus vinorelbine, compared with lapatinib

plus capecitabine, in women with HER2-positive MBC.

Materials and methods

Study design

This randomized, open-label, multicenter, phase II study

(Clinical Trials.gov: NCT01013740, GSK protocol num-

ber: LAP112620) included women with HER2-positive

MBC who had received no more than one chemothera-

peutic regimen in the metastatic setting. Patients were

enrolled between November 2009 and February 2012 from

40 sites in 10 countries. The study was performed in

accordance with the Declaration of Helsinki and approved

by local ethics committees.

Sample size was based on feasibility. A 2:1 randomi-

zation scheme was used targeting 70 subjects in the la-

patinib plus vinorelbine group and 35 subjects in the

lapatinib plus capecitabine group. Patients were random-

ized to receive either lapatinib 1,250 mg orally once daily

(QD) continuously plus vinorelbine 20 mg/m2-/day intra-

venously on days 1 and 8 every 3 weeks, or lapatinib

1,250 mg orally QD continuously plus capecitabine

2,000 mg/m2/day orally in 2 doses (12 h apart on days

1–14 every 3 weeks). Patients were stratified by prior

receipt of therapy for MBC (yes or no) and site of meta-

static disease (visceral/soft tissue or bone only). Patients

received randomized study treatment until disease pro-

gression or discontinuation of study treatment due to

unacceptable toxicity, withdrawal of consent, loss to fol-

low-up, or death. Patients had disease assessments at

screening and then every 9 weeks until progression. Fol-

lowing progression patients were contacted every 12 weeks

to collect survival data. An interim safety review was

conducted after enrollment of the first 30 patients (20

randomized to lapatinib plus vinorelbine, 10 randomized to

lapatinib plus capecitabine) [16]. The safety review was

conducted by core members of the lapatinib safety review

team, leading to the conclusion that the trial be continued.

The primary focus was to evaluate PFS in the lapatinib

plus vinorelbine group with a descriptive intent only. The

control arm of lapatinib plus capecitabine was used to

validate the patient population and to lend support to the

activity of the combination of lapatinib with vinorelbine.
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The study was not powered to detect differences between

the combinations; hence, no hypothesis testing was per-

formed. No interim analyses for efficacy were performed

for this study.

The analysis of PFS was performed when all patients

had been followed up for a minimum of 6 months, or had

otherwise progressed, died, or withdrew consent (if

sooner). OS data were analyzed at the time of the PFS

analysis; an updated OS analysis is planned when all

patients have a minimum of 18 months follow-up (to be

reported separately).

Following disease progression, patients were given the

option of crossing over to the alternative treatment arm,

and continuing in a post-progression crossover phase.

Patients who crossed over to the other treatment arm

received treatment until second disease progression, dis-

continuation of study treatment due to unacceptable tox-

icity, withdrawal of consent, loss to follow-up, or death.

Patient population

Eligible patients were women C18 years of age with his-

tologically or cytologically confirmed HER2-positive (3?

immunohistochemistry, or a positive score by fluorescence

in situ hybridization or chromogenic in situ hybridization)

stage IV breast cancer who had received no more than one

prior chemotherapy regimen in the metastatic setting. Prior

therapy may have included anthracyclines and taxanes;

prior therapy with trastuzumab was permitted but not

required. Patients who had not received prior treatment for

MBC were required to fulfill one or more of the following

conditions (as determined by the study investigator): (1)

relapse following receipt of trastuzumab-based therapy in

the adjuvant setting; (2) contraindication to receiving

trastuzumab; (3) documented medical reason for trast-

uzumab not being appropriate, or unsuitability for taxane-

based chemotherapy. Patients were required to have ade-

quate organ and bone marrow function, a European

Cooperative Oncology Group performance status of 0–1,

and a cardiac ejection fraction of at least 50 % (measured

by echocardiogram or multigated acquisition scan).

Patients with stable central nervous system (CNS) metas-

tasis (for at least 3 months) were permitted. Bisphospho-

nate therapy for bone metastases was allowed, but

treatment must have been initiated prior to the first dose of

study medication.

Exclusion criteria included patients with active cardiac,

hepatic, or biliary diseases and diseases or surgeries

affecting gastrointestinal function. Patients undergoing

concurrent treatment with anticancer or investigational

agents, females pregnant or lactating at any time during the

study, and those with peripheral neuropathy of grade 2 or

greater were also excluded.

All patients provided written informed consent prior to

study entry.

Study endpoints

Tumor response data were assessed by the investigator

according to the Response Evaluation Criteria in Solid

Tumors (RECIST) guidelines [17]. The primary endpoint

was PFS, defined as the time from randomization to the

time of first documented disease progression at any site, or

death due to any cause.

Secondary endpoints included: OS, defined as the time

from randomization until death due to any cause; ORR,

defined as the percentage of patients experiencing con-

firmed complete response (CR) and partial response (PR);

CBR, defined as the percentage of patients achieving either

a confirmed CR or PR, or having stable disease (SD) for at

least 24 weeks (patients with unknown or missing response

were treated as non-responders and included in the

denominator when calculating the CBR percentage); for

the subset of patients who showed a confirmed response

(CR or PR), duration of response (DoR) is defined as time

from first documented evidence of CR or PR until the first

documented sign of disease progression or death due to any

cause; and time to response (TTR) is the time from ran-

domization until the first documented evidence of CR or

PR (whichever is recorded first). The time to second pro-

gression following crossover was included as an explor-

atory outcome measure. Data regarding the number of

patients with CNS metastases were collected post hoc as an

exploratory outcome measure.

Toxicities were also measured by recording the inci-

dence and grading of adverse events (AEs) and serious AEs

(SAEs; the study protocol extended the definition of an

SAE to include any grade 4 laboratory abnormality in order

to expedite reporting of grade 4 neutropenia).

Statistical analysis

All efficacy analyses were performed using SAS version

9.1 and conducted on the intent-to-treat population, which

comprised all patients who were randomized to study

treatment, regardless of whether they actually received

study medication. Clinical safety and tolerability were

assessed in the safety population, which comprised all

patients who took at least one dose of study medication.

PFS, OS, DoR, and TTR were summarized using Kaplan–

Meier survival curves, from which the median and 95 %

confidence intervals (CIs) were calculated. Greenwood’s

formula was used to calculate the standard error of the

estimates from the Kaplan–Meier curve. The treatment

hazard ratio (HR) and 95 % CI were based on the stratified

log-rank test (the Pike estimator [18] ), stratifying for prior
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receipt of therapy for MBC (yes or no), and site of meta-

static disease (visceral/soft tissue or bone only) was cal-

culated for PFS and OS. Exact 95 % CI for ORR and CBR

in each arm were calculated.

Results

Study population

A total of 112 patients with HER2-positive MBC were

enrolled; N = 75 were randomized to receive lapatinib

plus vinorelbine, and N = 37 were randomized to receive

lapatinib plus capecitabine.

Patient demographics (Table 1) were similar between

treatment arms after randomization, with the exception of

median time since initial diagnosis, which was shorter for

patients treated with lapatinib plus capecitabine than

patients treated with lapatinib plus vinorelbine. Stratifica-

tion and prognostic factors (Table 1) were also well bal-

anced across the treatment arms. According to groups of

treatment (lapatinib plus vinorelbine or lapatinib plus

capecitabine), 48 (64 %) and 25 (68 %) patients received

the study treatment as second-line therapy. In total, 38

(51 %) and 15 (41 %) patients had been treated with

trastuzumab in the (neo)adjuvant setting; while 32 (43 %)

and 20 (54 %) patients had received it in the metastatic

setting, respectively. The patient flow is summarized in

Fig. 1.

Compliance with lapatinib was similar between lapati-

nib plus vinorelbine and lapatinib plus capecitabine arms.

Median compliance to lapatinib was 86.4 versus 98.2 %,

and the median daily dose was 1,231.8 versus 1,236.0 mg,

respectively.

A total of thirty-four patients discontinued study treat-

ment prior to disease progression; 24 (33 %) patients in the

lapatinib plus vinorelbine arm, and 10 (27 %) patients in

the lapatinib plus capecitabine arm. The most common

reasons were an AE [11 (15 %) patients in the lapatinib

plus vinorelbine arm and 6 (16 %) patients in the lapatinib

plus capecitabine arm], and decision by patient [6 (8 %)

patients in the lapatinib plus vinorelbine arm, 4 (11 %)

patients in the lapatinib plus capecitabine arm]. Five (7 %)

and 2 (3 %) patients in the lapatinib plus vinorelbine arm

withdrew due to investigator decision or protocol devia-

tion, respectively.

In total, 42 patients crossed over to the other treatment

arm; 29 from lapatinib plus vinorelbine to lapatinib plus

capecitabine and 13 from lapatinib plus capecitabine to

lapatinib plus vinorelbine. Patient demographics and

baseline characteristics in the crossover population were

well balanced, as observed in the randomized phase.

Efficacy

Primary endpoint

The median PFS after randomization was 6.2 months in

both arms (95 % CI 4.2, 8.8 months in the lapatinib plus

vinorelbine arm; 95 % CI 4.4, 8.3 months in the lapatinib

plus capecitabine arm). In the lapatinib plus vinorelbine

arm, 52 (69 %) disease progressions or deaths were

recorded, compared with 24 (65 %) in the lapatinib plus

capecitabine arm. The HR was 0.84 (95 % CI 0.53, 1.35;

Fig. 2a).

Secondary endpoints

The median OS in the lapatinib plus vinorelbine arm was

24.3 months (95 % CI 16.4, NR months) which included

22 deaths (29 % patients), compared with 19.4 months in

the lapatinib plus capecitabine arm (95 % CI 16.4,

27.2 months), including 12 deaths (32 % patients; Fig. 3).

In the lapatinib plus vinorelbine arm, 15 (20 %) patients

experienced a CR or PR, compared with 13 (35 %) patients

in the lapatinib plus capecitabine arm.

In the lapatinib plus vinorelbine arm, 29 (39 %) patients

matched the CBR criteria, compared with 18 (49 %)

patients in the lapatinib plus capecitabine arm (Table 2).

Of those with a confirmed response, the median DoR

was 6.7 months in the lapatinib plus vinorelbine arm and

10.8 months in the lapatinib plus capecitabine arm

(Table 2).

The median TTR was 9.4 months in the lapatinib plus

vinorelbine arm, compared with 9.3 months in the lapatinib

plus capecitabine arm (Table 2).

Exploratory endpoints

Median PFS after start of crossover was 3.2 months for

patients who crossed over from lapatinib plus capecitabine

to lapatinib plus vinorelbine (95 % CI 1.7, 5.1 months),

and 4.0 months for patients who crossed over from lapat-

inib plus vinorelbine to lapatinib plus capecitabine (95 %

CI 2.1, 5.8 months). In the crossover lapatinib plus vino-

relbine arm, 9 (69 %) disease progressions or deaths were

recorded, compared with 20 (69 %) in the crossover la-

patinib plus capecitabine arm (Fig. 2b).

The median time to second progression from randomi-

zation was 8.9 months for patients crossing over from la-

patinib plus capecitabine to lapatinib plus vinorelbine

(95 % CI 6.3, 10.6 months), and 10.3 months in patients

crossing over from lapatinib plus vinorelbine to lapatinib

plus capecitabine (95 % CI 8.5, 15.5 months) (Online

Resource 1).
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Table 1 Patient demographics

and stratification and prognostic

factors

a ErbB2 (HER/neu) status was

confirmed as positive by FISH in both

cases. CISH chromogenic in situ

hybridization; FISH fluorescence

in situ hybridization; HER human

epidermal growth factor receptor;

IHC immunohistochemistry; MBC

metastatic breast cancer; QD once

daily

Lapatinib 1,250 mg QD plus

vinorelbine 20 mg/m2 (N = 75)

Lapatinib 1,250 mg QD plus

capecitabine 2,000 mg/m2 (N = 37)

Patient demographics

Median age, years (range) 57 (32–79) 58 (36–83)

Ethnicity, n (%)

Hispanic or Latino 11 (15) 3 (8)

Not Hispanic or Latino 64 (85) 34 (92)

Median time since initial diagnosis, months (range) 36.6 (1–178) 24.3 (8–240)

ErbB2 (HER/neu) IHC status, n (%)

0–1? 0 0

2? 6 (8) 6 (16)

3? 67 (89) 31 (84)

Unknown 2 (3)a 0

ErbB2 (HER/neu) FISH status, n (%)

Positive 10 (13) 7 (19)

Negative or borderline 0 0

Unknown 65 (87) 30 (81)

ErbB2 (HER/neu) CISH status, n (%)

Positive 9 (12) 4 (11)

Negative or borderline 0 0

Unknown 66 (88) 33 (89)

Estrogen receptor status, n (%)

Positive 37 (49) 19 (51)

Negative 38 (51) 18 (49)

Not available/unknown 0 0

Progesterone receptor status, n (%)

Positive 25 (33) 14 (38)

Negative 50 (67) 23 (62)

Not available/unknown 0 0

Stratification and prognostic factors

Receipt of prior therapy for advanced or MBC, n (%)

No 27 (36) 12 (32)

Yes 48 (64) 25 (68)

Visceral or non-visceral disease, n (%)

Visceral only 29 (39) 17 (46)

Bone only 5 (7) 1 (3)

Visceral and non-visceral 41 (55) 19 (51)

Stage at initial diagnosis, n (%)

0–I 7 (9) 4 (11)

II (a–b) 23 (31) 12 (33)

III (a–c) 31 (41) 15 (40)

IV 12 (16) 6 (16)

Unknown 2 (3) 0

Measureable disease, n (%)

Yes 65 (87) 31 (84)

No 10 (13) 6 (16)

Prior anticancer therapy, n (%)

Any therapy 73 (97) 37 (100)

Chemotherapy 72 (96) 35 (95)

Hormonal therapy 29 (39) 15 (41)

Immunotherapy 0 0

Biological therapy 63 (84) 32 (86)

Small-molecule targeted therapy 2 (3) 0

Radiotherapy 14 (19) 5 (14)

Surgery 70 (93) 34 (92)

Unknown 1 (1) 0
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Four (5 %) patients in the lapatinib plus vinorelbine arm

had CNS metastases at baseline and 3 (75 %) of these had a

relapse at first progression; 8 (11 %) patients had new CNS

metastases at first progression. In the lapatinib plus cape-

citabine arm, 4 (11 %) patients had metastases at baseline,

with 2 (50 %) of these having a relapse at first progression;

5 (14 %) patients had new CNS metastases at first

progression.

Safety and toxicity

The most commonly observed AEs occurring during the

randomized phase were diarrhea, neutropenia, palmar-

plantar erythrodysesthesia (PPE), rash, nausea, and fatigue

(Table 3). The majority of AEs were grade 1 or 2 in

severity. Grade 3 PPE was recorded in 6 (16 %) patients

treated with lapatinib plus capecitabine and 2 (3 %)

patients treated with lapatinib plus vinorelbine. Grade 3–4

neutropenia occurred in 23 (31 %) patients in the lapatinib

plus vinorelbine arm, and 1 (3 %) patient in the lapatinib

plus capecitabine arm. Neutropenia was the only recorded

AE of toxicity grade 4 occurring in more than one patient.

There were more SAEs in the lapatinib plus vinorelbine

arm, compared with the lapatinib plus capecitabine arm [25

(33 %) vs. 4 (11 %), respectively]. The most common SAE

was neutropenia [10 (13 %) patients in the lapatinib plus

vinorelbine arm and no patients in the lapatinib plus

capecitabine arm]; all cases were considered by the

investigators to be related to study treatment. There was 1

fatal AE (intestinal obstruction), but this was not consid-

ered by the investigator as related to study treatment.

In the randomized phase, 14 (19 %) deaths occurred in

lapatinib plus vinorelbine arm [12 (16 %) due to disease

under study and 2 (3 %) due to other causes]. Seven (19 %)

deaths were recorded in the lapatinib plus capecitabine

arm; all due to disease under study.

The AE profile in the crossover population followed the

same pattern as in the randomized population (Table 3).

Grade 3 and 4 neutropenia were each observed in 1 (8 %)

patient who crossed over from lapatinib plus capecitabine

to lapatinib plus vinorelbine; also observed in this popu-

lation were two cases (15 %) of grade 4 febrile neutrope-

nia, and one case each of grade 3 diarrhea, aspartate

aminotransferase increased, and alanine aminotransferase

increased. In patients crossing over from lapatinib plus

vinorelbine to lapatinib plus capecitabine, two cases each

of grade 3 PPE, and grade 3 diarrhea were observed.

Three SAEs were observed in each arm after crossover

(23 % in those who crossed over from lapatinib plus cape-

citabine to lapatinib plus vinorelbine versus 10 % in those

136 subjects assessed for eligilibility

24 (18 %) excluded from study 

112 (82 %) subjects randomized to
ITT population

75 (67 %) subjects assigned to lapatinib
1,250 mg QD + vinorelbine 20 mg/m2

37 (33 %) subjects assigned to lapatinib
1,250 mg QD + capecitabine 2,000 mg/m2

All subjects analyzed in efficacy and
safety population

29 (39 %) subjects crossed over to lapatinib
1,250 mg QD + capecitabine 2,000 mg/m2

13 (35 %) subjects crossed over to lapatinib
1,250 mg QD + vinorelbine 20 mg/m2

All subjects analyzed in efficacy and
safety population

22 (29 %) subjects died
8 (11 %) withdrew from study
45 (60 %) ongoing

12 (32 %) subjects died
1 (3 %) withdrew from study
24 (65 %) ongoing
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Fig. 1 Patient flow ITT intent-to-treat; QD once daily
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who crossed over from lapatinib plus vinorelbine to lapati-

nib plus capecitabine). The most common SAE was febrile

neutropenia, observed in 2 (15 %) patients who crossed over

from lapatinib plus capecitabine to lapatinib plus vinorel-

bine. One fatal AE was observed after crossover; this was

due to liver injury and occurred in a patient who crossed over

from lapatinib plus vinorelbine to lapatinib plus capecita-

bine. In patients who crossed over from lapatinib plus

capecitabine to lapatinib plus vinorelbine, 5 (38 %) deaths

were recorded (all due to disease under study), compared

with 8 (28 %) deaths in patients with the reverse crossover (7

due to disease under study, and 1 due to other causes). No

fatal SAEs related to study treatment occurred in patients

who crossed over to the other treatment arm.

Discussion

This is the first prospective, randomized study to evaluate

the efficacy and safety of lapatinib plus vinorelbine in
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Crossover
lapatinib 1,250 mg

QD plus vinorelbine
20 mg/m2

(n = 13)

13

9 (69)

3.2 (1.7, 5.1)

Crossover 
lapatinib 1,250 mg

QD plus capecitabine 
2,000 mg/m2

(n = 29)

29

20 (69)

4.0 (2.1, 5.8)

n

Events: progression
or death, n (%)

Median PFS, 
months (95 % CI)

Fig. 2 Kaplan–Meier plot: progression-free survival after (a) randomization (intent-to-treat population) and (b) start of crossover treatment

(crossover population) QD once daily; PFS progression-free survival; CI confidence intervals; lap lapatinib; cap capecitabine; vin vinorelbine
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context with lapatinib plus capecitabine in this patient

population. The median PFS, the primary endpoint, was

6.2 months in both treatment arms. Median OS was

24.3 months in patients treated with lapatinib plus vino-

relbine and 19.4 months in patients treated with lapatinib

plus capecitabine. These PFS and OS rates are well mat-

ched with those from other studies of lapatinib plus cape-

citabine [8, 19–21], supporting the use of lapatinib plus

vinorelbine in the target population.

Adverse events in this study were consistent with the

known lapatinib, vinorelbine, and capecitabine safety pro-

files, and no new relevant safety signals were detected [12–

14, 19, 20]. As expected, PPE occurred in a larger pro-

portion of patients in the lapatinib plus capecitabine arm,

and neutropenia occurred in a larger proportion of patients

treated with lapatinib plus vinorelbine. Of the neutropenia

cases observed with lapatinib plus vinorelbine, 10 AEs

(13 %) were extended to SAEs; all being considered rela-

ted to study treatment. A similar incidence of grade 3–4

neutropenia has been reported in other studies using la-

patinib plus vinorelbine [12–14]. However, further inves-

tigation is needed to establish how this treatment

contributes to neutropenia and which doses of each com-

pound are best tolerated while still remaining efficacious.

This is especially important given the potential for a

pharmacokinetic interaction between lapatinib and vino-

relbine. This would explain the comparable hematological

toxicity profile observed in both the VITAL and the GEP

01 studies, despite difference of doses: lapatinib 1,250

versus 1,000 mg daily, and vinorelbine 20 versus 22.5 mg/

m2 on days 1 and 8 every 3 weeks. The toxicity profiles of

both regimens appear to justify their routine clinical use,

given that routine clinical use of this combination has a

favorable benefit risk (the AEs are predictable and can be

managed with standard monitoring and intervention).

For more than 9 years, trastuzumab was the only treat-

ment option in HER2-overexpressing advanced breast

cancer. In 2007, lapatinib was FDA approved in combi-

nation with capecitabine and in 2010, with an aromatase

inhibitor [22]. In a meta-analysis, a significant benefit in

PFS and OS was demonstrated with a lapatinib-containing

regimen for patients with locally advanced or MBC [23]. In

both the primary and the advanced setting, heterogeneous

data have been observed in studies comparing the efficacy

of lapatinib with trastuzumab. In the first-line metastatic

setting, the COMPLETE study, which compared trast-

uzumab and taxane chemotherapy with lapatinib and tax-

ane chemotherapy as first-line treatment, showed that PFS

but not OS was superior in the trastuzumab patient group

[24]. The Neo-ALTTO phase III study showed similar

pathologic complete response (pCR) rates between the

treatment groups administered with lapatinib (24.7 %) and

with trastuzumab (29.5 %) [25]. Neo-ALTTO had more

conservative protocol reporting requirements and stopping

rules for specified AEs than other lapatinib studies, making

comparisons difficult. Different toxicity and compliance

profiles in these studies indicate that compliance might

significantly influence the efficacy of HER2-targeted

treatment. Therefore, a variety of treatment options,

accounting for individual patient conditions may contribute

to increased patient compliance.

Increasing data suggest that dual-targeted treatment,

combining either trastuzumab with lapatinib or with pert-

uzumab might significantly increase efficacy of HER2-tar-

geted treatment in a clinically relevant setting. In the

randomized phase II CHERLOB trial, which evaluated
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QD plus
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12 (32)
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Fig. 3 Kaplan–Meier plot:

overall survival after

randomization (intent-to-treat

population) QD once daily; OS

overall survival; CI confidence

intervals; lap lapatinib; cap

capecitabine; vin vinorelbine
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preoperative taxane–anthracycline chemotherapy in com-

bination with trastuzumab, lapatinib, or combined trast-

uzumab and lapatinib in patients with HER2-positive, stage

II–IIIA breast cancer, the pCR rate was 25 % in the trast-

uzumab arm, 26.3 % in the lapatinib arm, and 46.7 % in the

combination (trastuzumab–lapatinib) arm [26]. No patient

had symptomatic cardiac events, including congestive heart

failure. The Neo-ALTTO phase III study also showed that

pCR was significantly higher in the treatment group

administered with lapatinib plus trastuzumab (51.3 %) than

in the group administered trastuzumab alone (29.5 %) [25].

In the NSABP B-41 study, the treatment arm combining

trastuzumab and lapatinib produced a numerically higher

pCR percentage (62 %) than single-agent HER2-directed

therapy; however, the difference was not statistically sig-

nificant [27].

In the metastatic setting, the Cleopatra study random-

ized 808 HER2-positive patients to receive placebo plus

trastuzumab plus docetaxel, or pertuzumab plus trast-

uzumab plus docetaxel as first-line treatment until disease

progression) [28]. Results showed a significant increase in

median PFS in the pertuzumab group. In a recent second

interim analysis, a significant OS benefit was shown for the

dual blockade treatment [29]. However, these findings from

first-line treatment may not be applicable to patients in a

further treatment line situation with resistance to HER2-

targeted treatment. In a phase III study, comparing mono-

therapy with lapatinib with a combination of lapatinib and

trastuzumab in heavily pretreated patients, dual-targeted

treatment showed a significant OS benefit [7]. Currently,

however, the optimal timing of dual-targeted treatment

remains unclear. Single HER2-targeted treatment with

trastuzumab or lapatinib, therefore, remains the standard of

care in most patients pretreated with HER2-directed agents,

warranting a greater variety of treatment combinations for

these two agents.

The continuation of targeted treatment in HER2-positive

patients who suffer progressive disease on previous HER2-

directed therapy has been well established. Four retro-

spective cohort studies, as well as prospective randomized

controlled trials, demonstrated a significant benefit in PFS

and OS when HER2-targeted treatment was applied beyond

disease progression, in combination with alternative cyto-

static or endocrine agents [5, 6, 29, 30]. In a recent pooled

analysis comprising the data of 2,618 patients, Petrelli et al.

[31] calculated a benefit in (weighted median) OS of

24 months in patients who received continued trastuzumab

beyond disease progression. Treatment with lapatinib using

an alternative combination for patients undergoing pro-

gression on trastuzumab treatment also can be effective [8,

13]. Here, patients progressing within the study were also

given the option of crossing over to the other treatment

arm, which enabled continued HER2-targeted treatment to

be evaluated for efficacy after progression. Efficacy results

showed that treatment with lapatinib was still effective

after progression on lapatinib; median PFS was

3.2–4.0 months for patients crossing over to the other

treatment arm and the time to second progression from

randomization was 8.9–10.3 months. Our study indicates

that efficacy and safety can be achieved for treatment with

lapatinib after progression; presenting the first evidence

which shows that treatment with lapatinib for patients

progressing on lapatinib can be effective. Of course, these

results must be put into context with the results of the

Emilia Study, which compared treatment with trastuzumab

emtansine with lapatinib and capecitabine, in patients with

progressive disease after trastuzumab treatment [32]. The

Table 2 Efficacy results; summary of survival and response rates in

each treatment arm (ITT population)

Lapatinib 1,250 mg

QD plus vinorelbine

20 mg/m2

(N = 75)

Lapatinib 1,250 mg

QD plus capecitabine

2,000 mg/m2

(N = 37)

Overall response rate, n (%)

CR 1 (1) 2 (5)

PR 14 (19) 11 (30)

CR ? PR (95 %CI) 15 (20) (11.6, 30.8) 13 (35) (20.2, 52.5)

SD 35 (47) 15 (41)

PD 15 (20) 7 (19)

Unknowna 10 (13) 2 (5)

Duration of response, months

Median duration of

response (95 % CI)

6.7 (4.6, 8.3) 10.8 (4.3, NE)

Clinical benefit response rate, n (%)

CR 1 (1) 2 (5)

PR 14 (19) 11 (30)

SD \ 24 weeks 21 (28) 10 (27)

SD C 24 weeks 14 (19) 5 (14)

PD 15 (20) 7 (19)

Unknown 10 (13) 2 (5)

Total CBR (95 % CI) 29 (39) (27.6, 50.6) 18 (49) (31.9, 65.6)

Time to response

Response events,

n (%)

15 (20) 13 (35)

Median time to

response, weeks

(95 % CI)

9.4 (9.0, 10.1) 9.3 (9.1, 10.0)

a Patients did not have their responses assessed at the 9-week time-

point for the following reasons: lapatinib plus vinorelbine arm: AE (5

patients), patient’s choice (1 patient), disease progression (2 patients),

investigator discretion (1 patient), and protocol deviation (1 patient);

lapatinib plus capecitabine arm: patient’s choice (1 patient), and

disease progression (1 patient). AE adverse event; CI confidence

interval; CBR clinical benefit rate; CR complete response; ITT intent-

to-treat; NE not evaluable; PD progressive disease; PR partial

response; QD once daily; SD stable disease
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study showed an impressive benefit in PFS, with a HR of

0.65. The optimal timing of trastuzumab emtansine treat-

ment and therapy of choice after subsequent progression,

however, remains to be defined. It appears likely that

combinations of chemotherapy and single HER2-neu-tar-

geted treatment will also have to be used before or after

treatment with trastuzumab emtansine.

Limitations of this study included the non-blinded study

design. However, it should be noted that in this study, a

blinded design was not feasible, due to differences in intra-

venous versus oral administration of vinorelbine and cape-

citabine, respectively. Furthermore, this study included both

first- and second-line patients and not all patients had received

previous treatment with trastuzumab. Here, a significant

proportion of patients had not received trastuzumab as first-

line treatment for MBC (57 % patients randomized to lapat-

inib plus vinorelbine and 46 % of patients randomized to la-

patinib plus capecitabine). Due to the small number of patients

in this study, it is not possible to assess any difference in effect

in those patients who had received first-line therapy with

trastuzumab. Finally, while most patient characteristics were

well balanced between the two treatment arms, the median

time from initial diagnosis until randomization differed (36.6

vs. 24.3 months, respectively), it is unlikely that this differ-

ence had a relevant impact on the outcome of the study.

In summary, lapatinib plus vinorelbine offers an effec-

tive treatment option for patients with HER2-over-

expressing MBC, having demonstrated acceptable rates of

efficacy and tolerability, validated by the control arm of

lapatinib plus capecitabine.
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