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Abstract 
Overexpression of human epidermal gro wth factor receptor鄄  2 (HER2) in metastatic breast cancer 

(MBC) is associated with poor prognosis. This single鄄  arm open鄄  label trial (EGF109491; NCT00508274) 
was designed to confirm the efficacy and safety of lapatinib in combination with capecitabine in 52 heavily 
pretreated Chinese patients with HER2鄄  positive MBC. The primary endpoint was clinical benefit rate 
(CBR). Secondary endpoints included progression鄄  free survival (PFS), time to response (TTR), duration of 
response (DoR), central nervous system (CNS) as first site of relapse, and safety. The results showed 
that there were 23 patients with partial responses and 7 patients with stable disease, resulting in a CBR 
of 57.7%. The median PFS was 6.34 months (95% confidence interval, 4.93-9.82 months). The median 
TTR and DoR were 4.07 months (range, 0.03 -14.78 months) and 6.93 months (range, 1.45 -9.72 
months), respectively. Thirteen (25.0%) patients had new lesions as disease progression. Among them, 2 
(3.8%) patients had CNS disease reported as the first relapse. The most common toxicities were palmar鄄  
plantar erythrodysesthesia (59.6%), diarrhea (48.1%), rash (48.1%), hyperbilirubinemia (34.6%), and 
fatigue (30.8%). Exploratory analyses of oncogenic mutations of PIK3CA suggested that of 38 patients 
providing a tumor sample, baseline PIK3CA mutation status was not associated with CBR (P = 0.639) or 
PFS (P = 0.989). These data confirm that the lapatinib plus capecitabine combination is an effective and 
well鄄  tolerated treatment option for Chinese women with heavily pretreated MBC, irrespectiv e of PIK3CA 
status. 
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Human epidermal growth factor receptor­2 (HER2) 
is a member of the epidermal growth factor receptor 
(EGFR) family of transmembrane cell surface receptors, 
which possess intrinsic tyrosine kinase (TK) activity [1] . 
Amplification of the  gene or its product is 
observed in 17% to 30% of human breast cancers and 
is associated with poor prognosis, enhanced risk of 
disease progression, and reduced progression­free 
survival (PFS) and overall survival (OS) [2­7] . 

Inhibition of HER2, for which there are currently 2 
approved therapeutic approaches, is now a validated 
means of improving clinical outcomes in patients with 
HER2­overexpressing breast cancer. One approach 
involves trastuzumab, a humanized monoclonal antibody 
directed against the HER2 extracellular domain [8] . When 
added to chemotherapy, trastuzumab has been shown to 
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improve overall response rates and prolong the median 
time to tumor progression (TTP), the median duration of 
response (DoR), and the median OS for patients with 
HER2­overexpressing metastatic breast cancer (MBC) [9] . 
A second approach involves lapatinib, an orally active 
small molecule TK inhibitor with activity against both 
HER2 and EGFR, which has clinical activity as 
monotherapy or in combination with chemotherapy, 
hormonal therapy, or trastuzumab in patients with 
HER2­positive MBC [2,10­15] . 

The pivotal phase III study EGF100151 tested the 
efficacy of lapatinib plus capecitabine compared with 
capecitabine alone in HER2­positive patients with locally 
advanced breast cancer or MBC who had prior treatment 
with anthracyclines, taxanes, and/or trastuzumab [11,12] . 
Following a planned interim analysis, this study 
demonstrated that the addition of lapatinib to 
capecitabine significantly prolonged TTP [median 8.4 vs. 
4.4 months, hazard ratio (HR) = 0.49; 95% confidence 
interval (CI): 0.34­0.71;  < 0.001] [11] . Thus, the study 
was halted early and crossover to the combination 
therapy was offered to women receiving capecitabine 
monotherapy. A follow­up analysis confirmed that the 
lapatinib plus capecitabine prolonged TTP versus 
capecitabine monotherapy (HR = 0.57; 95% CI: 
0.43­0.77;  < 0.001) [12] . 

The treatment of breast cancer in Asia is largely 
similar to that in Western countries; however, several 
distinct factors in Asia impact clinical decisions, including 
cost considerations, agent availability due to regulatory 
approval, and ethnic differences [16,17] . Despite these factors, 
the treatment and dosing schemes used in Asia are 
largely grounded in clinical data generated from research 
in Western nations [16] . For example, approximately 90% 
of the patients randomized to treatment in the pivotal 
EGF100151 study were Caucasian. 

Accordingly, the present trial (EGF109491) was 
initiated as a single­arm, open­label study to evaluate the 
efficacy and safety of lapatinib plus capecitabine in 
Chinese women with HER2­positive advanced breast 
cancer or MBC. Exploratory analyses of oncogenic 
mutations in the  gene were also conducted. 
Activating mutations residing in 2 hotspots in exons 9 
and 20 of  led to aberrant activation of 
phosphatidylinositol 3­kinase (PI3K)/AKT signaling 
pathways [18,19] . In addition, activating  mutations 
are associated with resistance to trastuzumab treatment 

[ 20 ]  and a shorter TTP [ 20 ]  and lower response 
rates [21]  to trastuzumab­based therapy in HER2­positive 
breast cancer patients, suggesting that 
mutations could be a resistance marker for 
trastuzumab­based therapy. Although one report 
suggests a  mutation could also serve as a 
mechanism of resistance to lapatinib efficacy [22] , other 

[23]  and clinical  [24,25] studies contradict this notion. To 

further test this hypothesis, exploratory analyses were 
performed to establish the frequency of  hotspot 
mutations in exons 9 and 20 in Chinese patients enrolled 
in EGF109491 and to determine if the presence of a 

mutation impacts the clinical benefit of lapatinib 
plus capecitabine. 

Patients and Methods 

Study design and endpoints 

EGF109491 was a single­arm open­label trial in 
which patients received lapatinib plus capecitabine. This 
study was conducted in accordance with good clinical 
practice and all applicable regulatory requirements, as 
well as the guiding principles of the Declaration of 
Helsinki. The primary objective of the study was to 
determine the clinical benefit rate (CBR), which was 
defined as the percentage of patients achieving either a 
complete or partial tumor response (CR or PR), or stable 
disease (SD) for at least 24 weeks. Secondary endpoints 
included PFS, defined as the time from treatment 
initiation until disease progression or death from any 
cause; time to response (TTR), defined as the time from 
treatment initiation until first response (CR or PR); DoR, 
defined as the time from first response (either PR or CR) 
until disease progression or death due to breast cancer; 
central nervous system (CNS) as first site of relapse; 
and safety. 

Patient eligibility 

Eligible patients included in the trial were women, 18 
years of age or older, with pathologically confirmed 
invasive stage IIIB/IIIC or stage IV breast cancer with at 
least 1 measurable lesion according to response 
evaluation criteria in solid tumors (RECIST) criteria v1.0. 
Institutional review board approval was obtained, and 
each patient provided written informed consent. 
Documentation of HER2 overexpression by 
immunohistochemistry (3+) or HER2 amplification by 
fluorescence in situ hybridization was also required by 
the local or central laboratory. Patients must have 
received prior therapy with a taxane and/or an 
anthracycline and could have received prior trastuzumab. 
Additional inclusion criteria included Eastern Cooperative 
Oncology Group (ECOG) performance status (PS) of 0 
to 1, life expectancy of at least 12 weeks, and left 
ventricle ejection fraction (LVEF) within the institutional 
range of normal as assessed by echocardiogram. 

The main exclusion criterion was a history of other 
malignancies. Exceptions were made for patients who 
were disease­free for 5 years, those with a history of 
completely resected non­melanoma skin cancer, or 

328



Chin J Cancer; 2011; Vol. 30 Issue 5 www.cjcsysu.com 

Primer 
PIK3CA鄄  9鄄  F1 
PIK3CA鄄  9鄄  R1 
PIK3CA鄄  9鄄  S1 
PIK3CA鄄  20鄄  F1 
PIK3CA鄄  20鄄  R1 
PIK3CA鄄  20鄄  S1 

DNA sequence (5' to 3') 
AACAGCTCAAAGCAATTTCTACAC 
Biotin鄄  GGTATGGTAAAAACATGCTGAGAT 
AAGCAATTTCTACACGAG 
GACATTGCATACATTCGAAAGAC 
Biotin鄄  GTTTAATTGTGTGGAAGATCCAA 
AGGCTTTGGAGTATTTCAT 

those with successfully treated in situ carcinoma. Also 
excluded were patients receiving prior capecitabine 
(unless 6 months had elapsed since the last 
capecitabine dose and patients had no remaining 
capecitabine­related toxicity) and/or EGFR or HER2 
inhibitory therapies except trastuzumab, and those taking 
concurrent anti­cancer therapy (including investigational 
and herbal remedies and Chinese traditional medicines 
for cancer) while on study medication, as were those 
with a known history of angina, arrhythmias, or 
congestive heart failure. 

Treatments 

All eligible patients received lapatinib (1250 mg once 
daily) and capecitabine (2000 mg/m 2  per day) on days 1 
to 14 every 21 days. Dose reductions and delays for 
lapatinib­ and/or capecitabine­related toxicities were 
permitted. For capecitabine, standard recommendations 
for dosage modifications were followed for the 
management of adverse events (AEs). Lapatinib was 
withheld for up to 14 days for grade 2 hematologic 
toxicity or any grade 3 or 4 toxicity. Lapatinib was 
permanently discontinued if grade 3 or 4 interstitial 
pneumonitis or cardiac dysfunction occurred. A dose 
reduction was permitted for lapatinib to 1000 mg. 

Assessments 

Efficacy and safety assessments were performed 
every 6 weeks for the first 36 weeks, then every 12 
weeks and at the end of treatment. Additional safety 
assessments were performed on all patients every 3 
weeks and at the end of treatment. Patients withdrawing 
from treatment who had not progressed were assessed 
every 12 weeks until progression during follow­up. 
Disease progression was assessed using the modified 
RECIST criteria v1.0 that included radiological scans and 
medical photographs. 

Exploratory biomarker analysis 

Three 10­滋  m sections were cut 
from each paraffin­embedded tumor block. Slices were 

deparaffinized twice with 1 mL of xylene, vortexed, and 
centrifuged. The supernatant was removed and then 
washed twice with 1 mL of 100% ethanol. The samples 
were resuspended in 180 滋  L lysis buffer containing 
proteinase K (Merck KGaA, Darmstadt, Germany) and 
were incubated overnight at 56益  with gentle shaking. 
DNA was extracted from each sample using a spin 
column [GTPure, Gene Tech (Shanghai) Company 
Limited, Shanghai, China] according to the 
manufacturer爷s instructions. The final concentration of 
each DNA sample was adjusted to 50 ng/滋  L, and 
samples were stored at ­20益. 

Briefly, 
DNA fragments were amplified using PCR with primers 
specific to the regions of interest (codons 539, 542, 545, 
and 546 of exon 9 and codons 1043, 1044, 1047, and 
1049 of exon 20) in the  gene (Table 1). Each 
PCR mix contained 1伊 reaction buffer, 2 mmol/L MgCl2, 
5 pmol each of the forward and reverse primers, 10 
nmol each of dNTP, 1 U HotStar Taq DNA polymerase 
(TaKaRa, Otsu, Shiga, Japan), and 100 ng genomic 
DNA in a 50 滋  L volume. The mixtures were denatured 
for 3 min at 95益 and underwent 50 thermal cycles for 
15 s at 95益, 20 s at 56益, and 30 s at 72益, as well as 
final extension at 72益 for 5 min. 

Single­stranded 
DNA (ssDNA) was prepared with the vacuum prep 
workstation [QIAGEN China (Shanghai) Co Ltd, Pudong, 
Shanghai, China] from 30 滋  L biotinylated PCR product 
using Streptavidin Sepharose High Performance beads 
(GE Healthcare, Little Chalfont, Buckinghamshire, United 
Kingdom). Sequencing primer (0.4 滋  mol/L, Table 1) was 
annealed to the ssDNA template and pyrosequencing 
was performed using the Pyro Gold Reagent kit and the 
PyroMark ID system [QIAGEN China (Shanghai) Co Ltd, 
Pudong, Shanghai, China] according to the 
manufacturer爷s instructions. 

All sequencing pyrograms 
were analyzed first by the SNP model using PyroMark ID 
software, which supports quality assurance for the 
sequencing results. Peaks passing the quality threshold 
for the assay were highlighted in blue, whereas peaks 
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Characteristic 
Age (years) 

Median 
Range 

Menopausal 
Stage of disease 

Stage IIIB/IIIC 
Stage IV 

Hormone receptor status 
ER+ and/or PR+ 
ER- and PR- 
Unknown 

ECOG PS 
0 
1 

Metastatic sites 
Visceral and/or nonvisceral 
Nonvisceral only 

No. of patients (%) 

50
26-71 
24 (46.2) 

1 (1.9) 
51 (98.1) 

25 (48.1) 
26 (50.0) 

1 (1.9) 

30 (57.7) 
22 (42.3) 

41 (78.8) 
11 (21.2) 

Data are presented as number of patients, with the percentage in parentheses, except for age. ER+ , estrogen receptor-positive; PR+ , progesterone receptor- 
positive; ER-, estrogen receptor-negative; PR-, progesterone receptor-negative; ECOG, Eastern Cooperative Oncology Group; PS, performance status. 
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that were highlighted in yellow required further evaluation 
before obtaining an acceptable result. Therefore, the blue 
peaks were used to report the genotype directly and the 
yellow peaks underwent further assessment. Samples 
containing over 10% of allele frequency were classified 
as containing a mutation. 

Statistical methods 

The intention­to­treat (ITT) population consisted of 
all enrolled patients and was used for the analysis of 
efficacy data. The safety­analysis population, defined as 
all enrolled patients who received at least 1 dose of 
lapatinib, was used for the analysis of safety, 
demographic characteristics, and baseline disease 
status. In this study, all enrolled patients received at least 
1 dose of lapatinib, so the ITT and safety populations 
were identical. The final analysis was performed after all 
patients had been followed for 24 weeks at minimum or 
had died or had withdrawn earlier in the treatment period. 

The primary objective of the study was to test the 
null hypothesis that the investigator­assessed CBR was 
less than 17% versus the alternative hypothesis that the 
CBR was greater than 35%. A minimum of 50 evaluable 
patients were required to test the hypothesis with a 0.05 
level of significance and 90% power. If at least 13 of the 
50 patients had a demonstrated CBR, the null hypothesis 
would be rejected. 

mutation status was tested for association 
with CBR using the Fisher exact test. For assessing 

mutation status and its association with PFS, 

mutation status was coded as a binary variable (0 = 
mutation negative, 1 = mutation positive) and modeled 
using Cox proportional hazards regression. The 
assumption of proportional hazards was tested using 
mutation status with a mutation status­by­time interaction 
term in the Cox model. Since the interaction term was 
not statistically significant, the proportional hazards 
assumption was valid. Statistical tests were considered 
significant with a Wald chi­square  < 0.05. Analyses 
were conducted with available data using SAS version 
9.2.2. 

Results 

Patients and treatments 

The cutoff date was August 22, 2008, at which time 
52 eligible patients had been enrolled from 9 centers in 
mainland China and Hong Kong. Nearly all (98.1%) 
patients had stage IV disease, most (78.8% ) had 
extensive disease with visceral and/or nonvisceral 
metastases, and more than half (57.7%) had an ECOG 
PS of 0 (Table 2). Just less than half of the patients 
were estrogen receptor­positive and/or progesterone 
receptor­positive, and 50.0% of patients were negative 
for both. Nearly all patients (92.3%) had received 
chemotherapy for advanced or metastatic disease, 
57.7% had received at least 2 chemotherapy regimens, 
and 36.5% of patients were trastuzumab­na觙  ve (Table 3). 
Most patients with prior exposure to trastuzumab (90.9%) 
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Anticancer therapies before lapatinib 
Treatment for advanced or metastatic disease 

1 regimen 
2 regimens 
逸3 regimens 

Capecitabine 
逸1 anthracycline, taxane, or trastuzumab containing regimen 

Anthracycline 
Taxane 
Trastuzumab 

Neoadjuvant 
Adjuvant 
Metastatic 

Trastuzumab exposure duration (months) 
Median 
Range 

No. of patients (%) 
48 (92.3) 
18 (34.6) 
10 (19.2) 
20 (38.5) 
15 (28.8) 

44 (84.6) 
48 (92.3) 
33 (63.5) 

0 (0) 
7 (21.2) 

30 (90.9) 

7.2 
1-40 

Data are presented as number of patients, with the percentage in parentheses, except for trastuzumab exposure duration. 

Endpoint 
Best response rate 

CR 
PR 
SD 逸24 weeks 
PD 
Unknown 

CBR (CR + PR + SD 逸24 weeks) 
% (95% CI) 

PFS 
Median, months (95% CI) 
6鄄  month rate, % (95% CI) 

Median time to response (months) 
Median duration of response (months) 
First site of relapse 

Any new lesion(s) 
CNS disease as site of first relapse 

No. of patients (%) 

0 (0) 
23 (44.2) 

7 (13.5) 
4 (7.7) 
2 (3.8) 

57.7 (43.2-71.3) 

6.34 (4.93-9.82) 
53.4 (39.4-67.4) 

4.07 
6.93 

13 (25.0) 
2 (3.8) 

Data are presented as number of patients with the percentage in parentheses, except for CBR, median PFS, median time of response and median duration of 
response. CBR, clinical benefit rate; CR, complete response; PR, partial response; SD, stable disease; CI, confidence interval; PD, progressive disease; PFS, 
progression-free survival; CNS, central nervous system. 
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had received it for MBC, and the median duration of 
trastuzumab exposure was 7.2 months. Consistent with 
the standard capecitabine dosing regimen (i.e., 2 weeks 
on, 1 week off), the median duration of exposure was 
170 days for lapatinib and 112 days for capecitabine. 

Efficacy 

There were 23 patients with PR, 7 patients with SD 
for at least 24 weeks, and 0 patients with CR, resulting 
in a CBR of 57.7% (Table 4). The median PFS was 

6.34 months (95% CI, 4.93­9.82 months) (Figure 1). 
The median TTR and DoR were 4.07 (range, 
0.03­14.78 months) and 6.93 months (range, 1.45­9.72 
months), respectively. There were 13 (25.0%) patients 
who had new lesions as disease progression. Among 
them, 2 (3.8%) patients had CNS disease reported as 
first site of relapse. 

Safety 

A total of 49 patients (94.2%) experienced at least 1 
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Figure 1. Kaplan鄄  Meier curve for 
progression鄄  free survival (PFS) of 52 
patients with HER2鄄  positive metastatic 
breast cancer treated with lapatinib plus 
capecitabine. Median PFS was 6.34 
months (95% confidence interval, 4.93- 
9.82 months). 

Adverse event 
PPE 
Diarrhea 
Rash 
Hyperbilirubinemia 
Fatigue 
Nausea 
Neutropenia 

Grade 1 
25 (48.1) 
20 (38.5) 
22 (42.3) 

4 (7.7) 
11 (21.2) 

9 (17.3) 
0 

Grade 2 
6 (11.5) 
4 (7.7) 
1 (1.9) 

12 (23.1) 
4 (7.7) 
1 (1.9) 
4 (7.7) 

Grade 3 
0 
0 
2 (3.8) 
2 (3.8) 
1 (1.9) 
0 
1 (1.9) 

Grade 4 
0 
0 
0 
0 
0 
0 
2 (3.8) 

Total 
31 (59.6) 
25 (48.1) a 

25 (48.1) 
18 (34.6) 
16 (30.8) 
10 (19.2) 
7 (13.5) 

Data are presented as number of patients, with the percentage in parentheses. 
a The grade of diarrhea for one patient (1.9%) was unknown. 
PPE, palmar鄄  plantar erythrodysesthesia. 
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AE during the study. The most common toxicities (i.e., 
an incidence rate greater than 10%) were palmar­plantar 
erythrodysesthesia (PPE, 59.6%), diarrhea (48.1%), rash 
(48.1%), hyperbilirubinemia (34.6%), and fatigue (30.8%) 
(Table 5). The maximum grades of these AEs were 
mainly grade 1 or 2. The only grade 3 or 4 AEs were 
rash (3.8% grade 3), hyperbilirubinemia (3.8% grade 3), 
fatigue (1.9% grade 3), and neutropenia (1.9% grade 3, 
3.8% grade 4). Notably, there were no instances of 
interstitial pneumonitis or LVEF decrease. A total of 3 
(5.8% ) patients experienced severe AEs. One patient 
experienced severe hemoptysis and was subsequently 
found to have multiple lung metastases on chest X­ray. 
A second patient experienced grade 4 neutropenia that 
resolved subsequent to treatment discontinuation, though 
this patient was ultimately withdrawn from the study due 
to progressive disease. A third patient developed grade 4 
thrombocytopenia 14 days after beginning treatment. 
This event resolved subsequent to a transfusion, but 20 

days after beginning treatment, the same patient 
developed grade 4 nonfebrile leucopenia and 
neutropenia. Although both events resolved with 
treatment, the patient subsequently died with multiple 
organ failure. The events were considered related to 
treatment. A total of 18 patients (34.6%) experienced 
hyperbilirubinemia, including 2 patients who had 
pre­existing liver metastases and developed grade 3 
events. In both instances, hyperbilirubinemia was 
transient and subsequently returned to within normal 
range. These events were considered to be possibly 
related to lapatinib. 

Dose delays and reductions were permitted. A 
total of 4 (7.7%) and 10 (19.2%) patients required dose 
reductions in lapatinib and capecitabine, respectively. 
Eighteen patients (34.6% ) required a dose delay for 
lapatinib. A total of 14 (26.9%) patients were 100% 
compliant, and the remaining 38 (73.1%) patients were 
90% compliant with their lapatinib therapy. 
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Figure 2. Comparison of best response in patients with wild鄄  type PIK3CA versus mutant PIK3CA. The numbers above each bar indicate the 
percent of patients with each best response. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. 
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Best response 
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60 

50 

40 
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20 
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0 
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Biomarkers 

A total of 38 of 52 patients provided tumor samples 
for additional analyses, and, of those, 11 (28.9%) harbored 
a mutation in the  gene. Of the 11 mutations, 
9 resided in the catalytic domain and 2 resided in the 
accessory domain of the gene. No statistical association 
with CBR (  = 0.639) or PFS (HR = 1.01,  = 0.989) 
was observed between patients with  wild­type 
mutations and patients with  mutations (Figure 
2). 

Discussion 

These data confirm that in an exclusively Chinese 
population, the combination of lapatinib and capecitabine 
offers clinical benefit to women with HER2­positive MBC. 
In the current study, the investigator­assessed CBR (CR 
+ PR + SD for at least 24 weeks) was 57.7%, which is 
considerably higher than the identically defined 
independently assessed CBR (27%) reported by Geyer 

.  [11]  or that (29.3%) by Cameron  .  [12] . The 
substantive differences in CBR between EGF109491 and 
EGF100151 may be due to the fact that the CBR 
calculated in the present study is based on a 
considerably smaller sample size (52 patients) than 
EGF100151 (198 patients in the lapatinib plus 
capecitabine arm). Alternatively, as East Asian ethnicity 
has been previously associated with improved responses 

to EGFR inhibitors in other solid tumors  [26,27] , it is 
conceivable that the higher CBR may be related to the 
fact that the current study was composed exclusively of 
Chinese patients. The median PFS of 6.34 months 
observed in the current study also compared favorably 
with the 6.2­month median PFS (by independent review) 
reported by Cameron  . [12] . 

HER2­positive breast cancers are known to have a 
higher propensity to develop brain metastases [28] . In the 
present study, only 2 (3.8%) patients had a CNS lesion 
as a first progression event. Despite the small study 
size, these results are consistent with other previously 
reported data and support the hypothesis that as a small 
molecule, lapatinib can more easily traverse the 
blood­brain barrier and may have an advantage relative 
to trastuzumab in the prevention and/or treatment of 
CNS metastases [29] . For example, a recent phase II study 
of 242 patients with HER2­positive breast cancer, 
progressive brain metastases, and prior trastuzumab 
therapy showed that lapatinib therapy results in a CNS 
objective response in 6% of patients, with 21% having at 
least a 20% volumetric reduction in CNS lesions [30] . 

The observed safety events of PPE, diarrhea, and 
rash in the present study are comparable with the 
published safety profile for the lapatinib and capecitabine 
combination regimen  [11,12] . Although hyperbilirubinemia 
was observed in 34.6% of patients, most events were of 
a low grade and only 1 patient permanently discontinued 
treatment due to hyperbilirubinemia with a maximum 
toxicity of grade 2. Because cardiotoxicity is a known 
concern with HER2 inhibitors [9,31,32] , it is notable that no 
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cases of LVEF decreases or cardiac failures were 
observed in this study. 

Activating mutations of  are common in 
breast cancer and are associated with poor clinical 
outcomes [33,34] . In addition,  mutations are a major 
determinant of resistance to trastuzumab and appear to 
involve downstream signaling pathways such as 
PI3K/AKT [20,33,35] . Furthermore, preclinical work suggests 
dysregulation of the PI3K pathway via loss­of­function 
mutations in phosphatase and tensin (PTEN) homolog or 
dominant activating mutations in  can confer 
resistance to trastuzumab [20] . In the current work, despite 
a 29% frequency of  mutations, there was no 
evidence that  mutation affected either CBR (  = 
0.639) or PFS (  = 0.989) when comparing patients 
having wild­type tumors with those having mutant­type 
tumors. Although the conclusions drawn from these data 
are limited by small sample size and are largely 
hypothesis­generating in nature, these data will likely 
boost enthusiasm for additional research in this area. For 
example, these findings suggest a potential benefit of 
lapatinib and capecitabine therapy regardless of the 

genotype and may represent an important 
clinical option for patients who have developed 
resistance to trastuzumab. 

Conclusions 
In summary, the present study, EGF109491, 

demonstrates that the combination of lapatinib plus 
capecitabine is active and well­tolerated in a population 
of Chinese women with HER2­positive advanced breast 
cancer or MBC who have progressed following other 
treatments, including an anthracycline and/or a taxane, 
with or without trastuzumab. 
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