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Efficacy of lapatinib combined with capecitabine in patients with
HER2-positive metastatic breast cancer in a real-world study
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Abstract. The aim of the present study was to determine the
efficacy and safety of lapatinib-based treatment for patients
with human epidermal growth factor receptor-2-positive
(HER2") metastatic breast cancer (MBC). The aim of the
present real-world study was to investigate the medical
records and follow-up information of 92 patients with
HER?2* MBC who received a lapatinib-based regimen at the
recurrent/metastatic stage, 78 of whom had been pretreated
with trastuzumab. The results demonstrated that the median
progression-free survival (PFS) was 5.8 months and the
overall survival (OS) was 21.5 months, with an objective
response rate (ORR) of 21.7%, disease control rate (DCR) of
87.0% and clinical benefit rate (CBR) of 47.8%. In the patients
receiving a lapatinib-based regimen as first-, second- and
third/later-line treatment, the median PFS was 10.4, 5.2 and
5.1 months (P=0.048), the median OS was 32.9, 29.1 and
13.0 months (P<0.001), the ORR was 38.9, 23.3 and 13.60%,
and the DCR was 100, 83.3 and 84.1%, respectively. In the
trastuzumab-resistant (n=71) and trastuzumab-sensitive (n=21)
patients, the median PFS was 5.2 and 9.1 months (P=0.032),
and the median OS was 21.4 and 44.3 months (P=0.003),
respectively. In the patients who received lapatinib plus
chemotherapy (n=68), the median PFS with lapatinib plus
capecitabine (n=38) was 8.1 months, as compared with the
5.1 months with lapatinib plus other chemotherapy agents
(n=30; P=0.005). The median PFS of 14 patients with brain
metastases was 8.4 months, with an ORR of 35.7% and a DCR
of 85.7%. Multivariate analysis revealed that the line of lapa-
tinib-based treatment and its combination with capecitabine or
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a different agent were independent prognostic factors for the
median PFS in patients with HER2* MBC. A limited number
of adverse events were observed with the combination of lapa-
tinib and capecitabine. Therefore, the findings of the present
study suggested that lapatinib-based treatment is effective in
patients with HER2* MBC (even in trastuzumab-pretreated
patients), and the combination of lapatinib with capecitabine
may be recommended due to its good efficacy, convenience
and tolerability.

Introduction

Human epidermal growth factor receptor-2 (HER?2) is
overexpressed in 20-25% of patients with breast cancer,
and anti-HER2 targeted therapy is extensively used in
patients with HER2* breast cancer. However, there is a need
for alternative treatments, as the majority of patients with
HER?2* metastatic breast cancer (MBC) eventually develop
resistance to trastuzumab (1). As a prognostic and predictive
factor, HER2 amplification/overexpression has been proven to
contribute to the development of central nervous system (CNS)
metastases (2-4). Chemotherapy is not routinely administered
to patients with CNS metastases from breast cancer, as the
majority of anticancer agents do not cross the blood-brain
barrier. Patients with breast cancer who develop CNS disease
have a poor prognosis, with a 1-year survival rate of ~20%,
which makes CNS metastasis a significant consideration for
oncologists with regards to treatment (5).

As an oral small molecule and dual tyrosine kinase
inhibitor of epidermal growth factor receptor and HER2,
lapatinib interferes with signal transduction pathways involved
in tumour cell proliferation and growth to exert an antitumor
effect on HER2" breast cancer (6,7). Lapatinib in combina-
tion with capecitabine was approved on March 13, 2007 by
the U.S. Food and Drug Administration for the treatment of
patients with HER2* MBC who had received prior treatment
that included an anthracycline, a taxane and trastuzumab (8).
In addition, certain studies have reported the efficacy and
safety of lapatinib plus chemotherapy or endocrine therapy
as first-line treatment in patients with previously untreated
brain metastases from HER2* MBC and newly diagnosed
HER2* MBC (9-11). Brain metastases develop in 30-50% of
patients with HER2* MBC. The combination of lapatinib
and capecitabine has confirmed CNS antitumor activity in
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HER?2* breast cancer, which may promote the design of novel
targeted approaches to treatment in selected patients (9,12,13).
The present real-world clinical study was designed to evaluate
the efficacy and tolerability of a lapatinib-based regimen in
patients with HER2* MBC.

Patients and methods

Study population. The medical records of adult patients with
HER?2* breast cancer, who had received lapatinib-based treat-
ment after being diagnosed with MBC, were retrospectively
analyzed at Beijing Cancer Hospital between January 2014
and November 2019. The inclusion criteria were as follows:
i) HER2* recurrent/MBC following surgery, or initial-stage IV
inoperable breast cancer diagnosed by pathological biopsy.
HER?2 positivity was determined in the primary or metastatic
focus and was defined as immunohistochemical staining
of 3+ or 2+ with evidence of gene amplification determined
by fluorescence in situ hybridization; ii) patient age of
18-80 years; iii) presence of =1 measurable lesions, according
to the Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 (14); iv) Eastern Cooperative Oncology Group
performance status score of <2; v) life expectancy of >3 months;
and vi) no treatment contraindications. The patients received
1,250 mg lapatinib once daily at approximately the same time
every morning, with permitted dose reductions and delays for
lapatinib-related toxic effects. Data on demographics, clinical
outcomes and toxicity were collected based on retrospective
evaluation of medical records for the descriptive analyses.

Evaluation of efficacy. All measurable lesions were recorded
before lapatinib-based treatment, and imaging examina-
tion and measurements were carried out every two cycles.
According to RECIST version 1.1, the evaluation of efficacy
was divided into complete response (CR), partial response
(PR), stable disease (SD) and progressive disease (PD).
Objective response rate (ORR)=(CR + PR)/total cases; disease
control rate (DCR) = (CR + PR + SD)/total cases; and clinical
benefit rate (CBR) = CR + PR + SD =6 months/total cases.
Progression-free survival (PFS) was defined as the time period
from the date of lapatinib-based treatment initiation until the
date of first evidence of disease progression, or the date of death
in the absence of disease progression. Overall survival (OS)
was defined as the time period from the first day of treatment
until the date of death or the date of the last follow-up. Patient
follow-up generally consisted of regular physical examinations
and laboratory assessments (haematological tests and serum
biochemistry), left ventricular ejection fraction (LVEF) evalu-
ation and computed tomography (CT) scans. Trastuzumab
resistance was defined as recurrence/metastasis within 1 year
after adjuvant therapy with trastuzumab or disease progression
following the use of trastuzumab for <6 months in patients
with MBC.

Evaluation of safety. Patients were monitored for adverse events
(AEs). According to the National Cancer Institute's Common
Terminology Criteria for Adverse Events (version 4.0) (15), the
severity of AEs was determined as mild (grade 1), moderate
(grade 2), severe (grade 3), life-threatening or disabling
(grade 4), or fatal (grade 5). A cardiac event was defined as

a decline in the LVEF that was symptomatic, regardless of
the degree of decline, or was asymptomatic but with a relative
decrease of 220% from baseline to a level below the institution's
lower limit of the normal range. Lapatinib was discontinued if
the patients presented with symptomatic cardiac AEs.

Statistical analysis. Data were analyzed using SPSS version
15.0 (SPSS Inc.), ‘survMISC’ package in R version 3.2.5
(http://www.r-project.org) (16) and SAS macro Renyi devel-
oped by Davis in SAS 9.4 (SAS Institute, Inc.) (17). Categorical
parameters were expressed as number (percentage) of patients.
Differences between groups were calculated using the ¥ test,
where appropriate. P<0.05 was considered to indicate a statis-
tically significant difference. Survival was estimated by the
Kaplan-Meier method. P<0.05 (two-sided test) was considered
to indicate statistical significance. Kaplan-Meier estimates
of PFS and OS were completed using a log-rank test or the
Renyi method (when survival curve crossover between the
groups was observed). ORR and CBR were analyzed using
exact methods, and a two-sided Fisher's exact test was used
to compare the groups. The Cox proportional hazards model
was used for multivariate analysis. P<0.05 (two-sided test) was
considered to indicate statistical significance.

Results

Patient characteristics. According to the inclusion criteria,
92 patients who had received a lapatinib-based regimen after
being diagnosed with HER2* MBC were retrospectively
analyzed in the present study. The patient demographics and
baseline clinical characteristics are summarized in Table I.
The mean patient age was 50.5 years (range, 26-73 years). The
patients were all pathologically diagnosed with HER2* breast
cancer, with the histological types including invasive ductal
carcinoma (92.4%) and invasive lobular carcinoma (2.2%).
HER?2 positivity was detected in the primary and meta-
static lesions of 86 and 6 patients, respectively. Among the
42 patients who underwent biopsy of the metastatic lesions,
31 patients (73.8%) were HER2* in both the primary and meta-
static lesions, 5 patients (11.9%) were HER2" in the primary but
HER?2* in the metastatic lesions, 5 patients (11.9%) were HER2*
in the primary but HER2" in the metastatic lesions and the
HER?2 status of 1 patient (2.4%) was unknown in the primary
and HER2* in the metastatic lesions. Hormone receptor posi-
tivity was defined as oestrogen and/or progesterone receptor
positivity. In the present study, the hormone receptor status
was positive in 48 (52.2%) and negative in 44 (47.8%) cases.
The most common first metastatic sites were the lymph
nodes (43.5%), lung (41.3%), bone (30.4%) and liver (29.3%),
with brain as the first metastatic site in 13.0% of the patients. A
total of 47 patients had 11 metastatic sites when first diagnosed
with MBC, 25 patients had 2 and 20 patients had =3.

Treatment. Among the 92 patients with HER2* MBC,
78 (84.8%) were previously treated with trastuzumab in the
adjuvant or recurrent/metastatic setting, 10 patients (10.9%)
received trastuzumab in the recurrent/metastatic setting after
receiving a lapatinib-based regimen, and 4 patients (4.3%) had
not received trastuzumab. Different combinations of lapatinib
were used: i) 68 patients (73.9%) received lapatinib combined
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Table I. Demographic and baseline clinical characteristics
of patients with human epidermal growth factor receptor-2-
positive metastatic breast cancer who received lapatinib-based
treatment (n=92).

Characteristics No. (%)
Median age (range), years 50.5 (26-73)
Histological type
Invasive ductal carcinoma 85(92.4)
Invasive lobular carcinoma 2 (22)
Others 5 (54)
Hormone receptor status
Positive 48 (52.2)
Negative 44 (47.8)
Metastatic sites
Lymph nodes 40 (43.5)
Lung 38 (41.3)
Bone 30 (32.6)
Liver 28 (304)
Brain 14 (15.2)
Chest wall 13 (14.1)
Trastuzumab pretreatment for breast cancer
Yes 78 (84.8)
Adjuvant setting 68 (73.9)
Metastatic setting 10 (10.9)
No 14 (15.2)
Current line of treatment for metastatic disease
1 5 (54)
2 11 (12.0)
>3 76 (82.6)

with chemotherapy, including capecitabine in 38 patients,
gemcitabine in 9, docetaxel in 7, paclitaxel in 5, oral etopo-
side in 3, vinorelbine in 3, cyclophosphamide in 2 and
albumin-bound paclitaxel in 1; ii) 6 patients (6.5%) received
lapatinib combined with endocrine therapy, including 3 patients
with letrozole, 2 patients with exemestane and 1 patient with
fulvestrant; iii) 4 patients (4.3%) received lapatinib combined
with trastuzumab; iv) 10 patients (10.9%) received lapa-
tinib combined with chemotherapy and trastuzumab, with
capecitabine used in 4 patients, paclitaxel in 2, vinorelbine
in 2, gemcitabine in 1 and docetaxel in 1; v) 2 patients (2.2%)
received lapatinib combined with chemotherapy followed by
endocrine therapy, with docetaxel and then exemestane used
in 1 case, and liposomal doxorubicin followed by fulvestrant
in the other case; and vi) 2 patients (2.2%) received lapatinib
combined with endocrine therapy and trastuzumab, with
letrozole used in 1 case and exemestane in the other case.
Until November 30, 2019, disease progression was observed
in 79 patients, and 13 patients were still receiving lapatinib
treatment.

Treatment efficacy. The 92 patients were divided into three
groups according to the line of lapatinib-based treatment, with

18 (19.6%) receiving first-line, 30 (32.6%) second-line and
44 (47.8%) third/later-line treatment. The efficacy rate, median
PFS and ORR were calculated (Table II). No CR was observed
among the 92 patients, whereas PR was observed in 20 (21.7%),
SD in 60 (65.2%) and PD in 12 (13.0%) patients, resulting in
an ORR of 21.7% (20/92), DCR of 87.0% (80/92) and CBR of
47.8% (44/92). The median PFS was 5.8 months [95% confi-
dence interval (CI): 4.9-6.8] and the median OS 21.5 months
(95% CI: 19.7-23.3).

In the three groups of patients receiving lapatinib-based
regimen as first-, second- and third/later-line treatment,
the median PFS was 10.4, 5.2 and 5.1 months, the median
OS was 32.9, 29.1 and 13.0 months, the ORR was 38.9,
23.3 and 13.60%, and the DCR was 100, 83.3 and 84.1%,
respectively. Differences in the median PFS among the three
groups were calculated and found to be statistically significant
(P=0.048). Differences in the median OS among the three
groups were also found to be statistically significant. The
¥* test was used to compare the distribution of therapeutic
efficacy in the three groups, with the results exhibiting no
statistically significant difference. A survival curve was drawn
using the Kaplan-Meier PFS estimates (Fig. 1). Among the
92 patients with HER2* MBC, 71 were trastuzumab-resistant.
In the trastuzumab-resistant (n=71) and trastuzumab-sensi-
tive (n=21) patients, the median PFS was 5.2 and 9.1 months,
and the median OS was 21.4 and 44.3 months, respectively.
Differences in the median PFS (P=0.032) and OS (P=0.003)
between the two groups were statistically significant. A
survival curve was drawn using the Kaplan-Meier PFS and OS
estimates (Fig. 2).

Different treatment combinations. The 92 patients were divided
into several groups according to the different agents combined
with lapatinib: i) The median PFS of the groups of patients
receiving lapatinib combined with chemotherapy (n=70),
endocrine therapy (n=6) and targeted therapy (n=16) was 5.9
(95% CI: 4.1-7.7),5.1 (95% CI: 4.1-6.1) and 5.9 (95% CI: 1.5-10.2)
months, respectively. The P-value was 0.878 when comparing
the median PFS among these groups. ii) The median PFS
of the two groups of patients receiving lapatinib combined
with targeted (n=16) and non-targeted (n=76) therapy was
5.9 (95% CI: 1.5-10.2) and 5.7 (95% CI: 4.7-6.7) months,
respectively (P=0.903). iii) The median PFS of the two groups
of patients receiving lapatinib combined with chemotherapy
(n=76) and chemotherapy plus trastuzumab (n=10) was
5.9 (95% CI: 4.5-7.3) and 5.9 (95% CI: 2.2-9.5) months, respec-
tively (P=0.239). Among the 92 patients, 68 received lapatinib in
combination with chemotherapy alone. The median PFS of these
68 patients was 5.9 (95% CI: 4.5-7.3) months, while the median
PES of the three groups was 10.4 (95% CI: 7.9-12.8) months
in the first-line (n=17), 4.6 months (95% CI: 3.5-5.6) months in
the second-line (n=20) and 5.0 (95% CI: 3.5-6.6) months in the
third/later-line (n=31) setting. The median PFS differed signifi-
cantly among these three groups (P=0.027).

Capecitabine vs. other chemotherapy agents. Among the
68 patients who received lapatinib plus chemotherapy alone,
38 received capecitabine (12 cases in the first-line, 13 cases
in the second-line and 13 cases in the third/later-line setting),
and 30 cases received other chemotherapy agents. The patients
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Table II. Efficacy of lapatinib-based treatment in patients with human epidermal growth factor receptor-2-positive breast cancer

(n=92).
Efficacy measures First-line Second-line Third/later-line Total
Median PFS (95% CI), months 104 (7.9-12.8) 52 (2.8-7.6) 5.1(4.3-59) 5.8 (4.9-6.8)
Median OS (95% CI), months 32.9(6.3-594) 29.1 (18.0-40.3) 13.0 (1.3-24.7) 21.5(19.7-23.3)
Objective response rate, % 38.9 233 13.6 21.7
Disease control rate, % 100 833 84.1 87.0
Partial response, n 7 7 6 20
Stable disease, n 11 18 31 60
Progressive disease, n 0 5 7 12
PFS, progression-free survival; OS, overall survival; CI, confidence interval.
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Figure 1. PFS and OS with different lines of lapatinib-based treatment. PFS, progression-free survival; OS, overall survival.

receiving lapatinib plus capecitabine (n=38) had a prolonged
PFS of 8.1 (95% CI: 4.3-11.8) months, compared with patients
receiving lapatinib plus other chemotherapy agents (n=30)
with a median PFS of 5.1 months (95% CI: 2.6-7.5 months;
P=0.005; Fig. 3A). In the first-line setting, the median
PFS of the patients receiving lapatinib combined with
capecitabine (n=12) and other chemotherapy agents (n=5) was
12.0 (95% CI: 8.3-15.6) and 8.4 (95% CI: 1.2-15.7) months,
respectively. The patients receiving lapatinib combined with
capecitabine exhibited longer PFS compared with patients
receiving lapatinib combined with other chemotherapy
agents (P=0.019; Fig. 3B). In the second-line setting, the
median PFS of the patients receiving lapatinib combined with
capecitabine (n=13) and other chemotherapy agents (n=7)
was 4.2 (95% CI: 2.9-5.5) and 5.2 (95% CI: 3.6-6.8) months,
respectively. The median PFS did not differ significantly
between these two groups (P=0.901; Fig. 3C). In the
third/later-line setting, the median PFS of the patients
receiving lapatinib combined with capecitabine (n=13) and
other chemotherapy agents (n=18) was 6.3 (95% CI: 4.2-8.4)
and 3.3 (95% CI: 2.0-4.6) months, respectively. The patients

receiving lapatinib combined with capecitabine had a longer
PFS compared with the patients receiving lapatinib combined
with other chemotherapy agents (P=0.015; Fig. 3D). Survival
curves were drawn by Kaplan-Meier PFS estimates in these
different groups (Fig. 3).

Of the 38 patients who received lapatinib plus
capecitabine, 12 had received capecitabine prior to lapatinib,
and the remaining 26 patients had received capecitabine
first. The median PFS of these two groups of patients was
6.3 (95% CI: 2.1-10.5) and 9.1 (95% CI: 4.3-13.8) months,
respectively (P=0.945).

Brain metastasis. In the present study, 14 patients with brain
metastasis from HER2* MBC were treated with lapatinib at
the recurrence and metastasis stage. Among the 14 patients
with brain metastasis who had received lapatinib-based treat-
ment, 6 had received lapatinib as first-line, 5 as second-line,
2 as third-line and 1 as fourth-line treatment. Lapatinib
was combined with capecitabine (n=5), docetaxel (n=3),
capecitabine plus trastuzumab (n=2), trastuzumab (n=1),
paclitaxel (n=1), capecitabine plus gemcitabine (n=1), and
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Figure 2. PFS and OS in trastuzumab-resistant (n=71) and trastuzumab-sensitive (n=21) patients. PFS, progression-free survival; OS, overall survival.
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Figure 3. PFS in patients receiving lapatinib plus capecitabine, and those receiving lapatinib plus other chemotherapy agents in different lines of treatment.
Comparison between (A) patients receiving lapatinib combined with capecitabine (n=38) and those receiving other chemotherapy agents (n=30), (B) patients
receiving lapatinib combined with capecitabine (n=12) and those receiving other chemotherapy agents (n=5) as first-line treatment, (C) patients receiving lapa-
tinib combined with capecitabine (n=13) and those receiving other chemotherapy agents (n=7) as second-line treatment, and (D) patients receiving lapatinib
combined with capecitabine (n=13) and those receiving other chemotherapy agents (n=18) as third/later-line treatment. PFS, progression-free survival.
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Table III. Multivariate analysis of the independent prognostic factors of median progression-free survival of patients with human
epidermal growth factor receptor-2-positive metastatic breast cancer receiving lapatinib-based treatment (n=92).

Prognostic factors P-value HR 95% CI
Line of lapatinib-based treatment 0.024* 1.55 1.06-2.268
Combination with capecitabine 0.009* 2.288 1.234-4.245
Presence of liver metastases 0.29 1.427 0.739-2.758
Presence of brain metastases 0.392 1.437 0.626-3.3
Presence of visceral metastases 0462 0.764 0.373-1.564
Number of metastatic sites 0.341 0.82 0.545-1.234
Hormone receptor status 0.251 1.396 0.79-2.468
P<0.05.HR, hazard ratio; CI, confidence interval.

Table I'V. Lapatinib-related adverse effects and dose reduction.

Adverse effects Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Diarrhoea 4 112 1? 0 0
Rash 6 3 0 0 0
Hand-foot syndrome 2 1? 1# 0 0
Dose reduction 122 2

“The dose of lapatinib was reduced in patients with grade 2-3 diarrhoea or hand-foot syndrome.

vinorelbine plus trastuzumab (n=1). All patients with brain
metastasis received radiotherapy. The follow-up results
revealed a median PFS of 8.4 (95% CI: 2.2-14.7) months in
14 patients with brain metastases. The number of patients
with PR, SD and PD was 5, 7 and 2, respectively, with an
ORR of 35.7% and a DCR of 85.7%. When comparing the
median PFS between patients with (n=14) and without (n=78)
brain metastasis, the difference was not statistically signifi-
cant (P=0.569).

Multivariate analysis. Multivariate logistic regression
analysis was performed to evaluate the independent prog-
nostic factors of median PFS in patients with HER2* MBC
receiving lapatinib-based treatment, and revealed that the
line of lapatinib-based treatment [hazard ratio (HR)=1.55;
95% CI: 1.1-2.3; P=0.024) and its combination with
capecitabine (HR=2.288; 95% CI: 1.2-4.2; P=0.009) were
strong predictors of the median PFS of patients with
HER2* MBC (Table III).

AEs. The lapatinib-based combination treatment was gener-
ally well-tolerated. The most common lapatinib-related AEs
were diarrhoea, rash and hand-foot syndrome. Diarrhoea
was recorded in 16 patients (4 cases of grade 1, 11 cases
of grade 2 and 1 case of grade 3). Rash was recorded in
9 patients (6 cases of grade 1 and 3 cases of grade 2).
Hand-foot syndrome was recorded in 4 patients (2 cases of
grade 1, 1 case of grade 2 and 1 case of grade 3). There was
no episode of febrile neutropenia or symptomatic cardiac
events (Table IV). The dose of lapatinib was reduced in

14 patients, of whom 12 had diarrhoea and 2 had hand-foot
syndrome (grades 2-3).

Discussion

Anti-HER?2 agents are supposed to be used soon after the diag-
nosis of HER2* MBC. Novel and emerging agents targeting
HER?2 and its pathway are associated with notable clinical
benefits in patients having received treatment with trastu-
zumab. Lapatinib was approved for use in combination with
capecitabine in patients with HER2* MBC who had received
prior treatment, including treatment with an anthracycline,
a taxane and trastuzumab, in 2007 (8). Subsequent research
explored the efficacy and tolerability of lapatinib in different
treatment phases of HER2* MBC, and demonstrated that
lapatinib-based combination regimens may be beneficial for
heavily pretreated patients with HER2* MBC (18).

The present study is a real-world study that aimed to
determine the efficacy and tolerability of the lapatinib-based
treatment in a Chinese HER2* MBC patient population.
According to the findings, lapatinib-based combination treat-
ment was effective and well-tolerated, with a median PFS of
5.8 months, a median OS of 21.5 months, an ORR of 21.7%, a
DCR of 87.0% and limited AEs. A lapatinib-based regimen
was used as first-line treatment in 18 patients who progressed
following treatment with trastuzumab as adjuvant therapy. The
median PFS was 10.4 months, the median OS was 32.9 months,
the ORR was 38.9% and the DCR was 100%, which clearly
demonstrated the benefits of lapatinib, and supported its use
combined with chemotherapy as a first-line alternative for
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patients with trastuzumab-resistant HER2* MBC. Similarly,
the EMILIA trial (10) randomized patients with HER* MBC
who had been pretreated with trastuzumab and taxane to receive
trastuzumab emtansine (T-DM1) or lapatinib plus capecitabine.
The results revealed a median PFS of 9.6 months with T-DM1,
compared with 6.4 months with lapatinib plus capecitabine
(HR=0.65; 95% CI: 0.55-0.77; P<0.001). Trastuzumab plus
chemotherapy or endocrine therapy is commonly used at
present as first-line treatment for HER2* MBC. However,
lapatinib combined with chemotherapy may be another option
for trastuzumab-pretreated patients, since T-DM1 was not
approved until January, 2020 in China.

In the present study, a lapatinib-based regimen was used in
30 patients as second-line treatment (median PFS, 5.2 months;
median OS, 29.1 months; ORR, 23.3%; DCR, 83.3%) and in
44 patients as third/later-line treatment (median PES, 5.1 months;
median OS, 13.0 months; ORR, 13.6%; DCR, 84.1%), which
confirmed the survival benefits of lapatinib when used as
second/later-line treatment. Previous studies reported similar
results following treatment with lapatinib plus capecitabine or
trastuzumab. Bian et al (19) compared lapatinib plus capecitabine
with trastuzumab plus capecitabine in trastuzumab-resistant
and taxane-pretreated patients with HER2* MBC, and revealed
a significantly improved PFS (6.0 vs. 4.5 months) and higher
proportion of patients with a PFS of =6 months (55 vs. 30%;
P=0.005). In the EGF100151 study (20,21), lapatinib plus
capecitabine significantly prolonged median PFS, and reduced
the risk of disease progression and death, when compared
with capecitabine alone, with a controllable toxicity and good
tolerance. Furthermore, the risk of disease progression was
lower when using lapatinib plus capecitabin as second-line
treatment, as compared to third/later-line treatment. The
EGF104900 study (22) demonstrated that trastuzumab
combined with lapatinib may achieve a better PFS (prolonged
by 3.9 months) and OS compared with lapatinib alone in
patients with HER2* MBC. Baez-Vallecillo er al (23) analyzed
520 patients with HER2* MBC who had received prior treat-
ment with trastuzumab, pertuzumab and/or ado-T-DM1 and
then lapatinib, and revealed a median treatment duration of
lapatinib of 5.0 months, a median time-to-progression (TTP) of
6.0 months, and a CBR of 28%. The present study demonstrated
that the median PFS of the trastuzumab-resistant (n=71) and
trastuzumab-sensitive (n=21) patients was 5.2 and 9.1 months,
and the median OS was 21.4 and 44.3 months, respectively.
Based on the present findings and the aforementioned research,
a lapatinib-based combination (including lapatinib combined
with chemotherapy or trastuzumab) appears to be a superior
alternative, particularly in trastuzumab-pretreated patients with
HER2* MBC. The results of the present study also suggested
that the earlier use of the lapatinib combination was correlated
with a better PFS (24).

The patients were divided into different groups according
to the different combination treatments with lapatinib, and no
significant difference in the median PFS was observed among
the patients receiving lapatinib combined with chemotherapy,
endocrine therapy and targeted therapy, lapatinib combined
with targeted and non-targeted therapy, and lapatinib combined
with chemotherapy and chemotherapy plus trastuzumab.
Thus, various combinations may be taken into consideration
when using lapatinib. Based on our experience, lapatinib plus

endocrine therapy or trastuzumab may also be considered
for older patients (>65 years old) who are in a relatively poor
condition and unable to tolerate chemotherapy.

In the present study, of the 68 patients who received lapa-
tinib plus chemotherapy alone, 38 received capecitabine and
30 other chemotherapy agents. A total of 23/30 (76.7%) patients
received lapatinib combined with other chemotherapy drugs,
since they had developed PD on capecitabine before, and
3/30 (10%) patients received lapatinib combined with other
chemotherapy drugs, which had shown good efficacy as
previous treatments. A significant difference was observed in
the whole group, and the first-line and third/later-line subgroups,
with patients receiving lapatinib combined with capecitabine
exhibiting a significantly improved PFS compared with those
receiving lapatinib combined with other chemotherapy agents.
The results were consistent with the evidence on lapatinib
combined with capecitabine in HER2* MBC reported by
several clinical trials. Capecitabine in combination with lapa-
tinib is an acceptable treatment option for patients, since the
agents may be taken orally at home, are associated with limited
AEs and a small effect on immune function, contributing to
an optimal quality of life for these patients. In addition, the
pharmacological mechanisms underlying the positive inter-
action between lapatinib and capecitabine were investigated
in human breast cancer models, and it was observed that
lapatinib clearly downregulated thymidylate synthase (TS)
activity, thereby improving the efficacy of capecitabine, and
that capecitabine optimized the downregulation of p-AKT
and p-P42/44 expression by lapatinib. Specifically, lapatinib
and capecitabine modulated each other's molecular determi-
nants of response, and concomitant dosing appeared to be the
optimal method for combining these agents, which suggested
that the association between lapatinib and capecitabine has the
potential to overcome breast cancer resistance associated with
TS overexpression (25). Therefore, lapatinib plus capecitabine
may be considered as a superior combination for patients with
HER?2* MBC due to its efficacy, convenience and tolerability.
It was hypothesized that the reason for the lack of significant
differences in the second-line subgroup was due to the limited
number of cases. In addition, the prior use of capecitabine did
not affect the median PFS.

Among patients with MBC, 6-16% will develop meta-
static CNS disease (2,5). However, brain metastasis may
be underdiagnosed without routine screening, due to the
lack of clinical symptoms. Lapatinib is able to cross the
blood-brain barrier and concentrate in HER2* MBC, but
not in normal brain tissue, due to HER2 selectivity (26-28).
Patients with brain metastasis must receive appropriate
radiotherapy and systemic treatment. In the present study,
the median PFS of the 14 patients with brain metastases
from HER2* MBC was 8.4 months, the ORR was 35.7%
and the DCR was 85.7%, which suggested that lapatinib
may be a viable therapeutic option for such patients. In the
phase I LANDSCAPE study (9), lapatinib plus capecitabine
was effective in patients with previously untreated brain
metastases from HER2* MBC, with an objective CNS
response of 65.9% (95% CI: 50.1-79.5) and a median TTP
of 5.5 months (95% CI: 4.3-6.0), which supported the use
of lapatinib plus capecitabine as first-line treatment for
patients with brain metastases from HER2* breast cancer.
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A study from Turkey (29) also demonstrated that lapatinib
plus capecitabine treatment conferred a significant survival
benefit to patients with brain metastasis from breast cancer,
as compared with trastuzumab-based treatment. The present
analysis confirmed the benefits of lapatinib in patients with
brain metastases from HER2* breast cancer.

Multivariate logistic regression analysis revealed that
the line of lapatinib-based treatment and its combination
with capecitabine were independent prognostic factors
for the median PFS of patients with HER2* MBC, which
supports the earlier use of lapatinib and its combination with
capecitabine.

There were certain limitations to the present study. The
included patients represented a highly selected population
referred to tertiary care cancer centres, limiting the ability to
generalize from the present results. Large-scale prospective
clinical trials are required to elucidate the therapeutic effect
and safety of lapatinib plus capecitabine in HER2* MBC.

In conclusion, lapatinib-based treatment was found to be
effective and well-tolerated by patients with HER2* MBC
(even trastuzumab-pretreated patients), particularly when
combined with capecitabine.
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