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Lapatinib in the management of breast cancer  

Approximately a fifth of women with breast can-
cer have tumors that overexpress human epider-
mal growth factor receptor 2 (HER2) [1]. Their 
cancer is characterized by aggressive features and 
a worse prognosis [2,3]. Lapatinib in combination 
with capecitabine is approved for the treatment 
of patients with advanced or metastatic breast 
cancer (MBC) whose tumors overexpress HER2. 
Specifically, patients should have progressive dis-
ease following prior therapy, which must include 
an anthracycline, a taxane and therapy with 
trastuzumab in the metastatic setting. 

Targeting HER2
The HER2/neu oncogene was discovered in the 
1980s, and is a member of the erbB oncogene 
family. It is related to, but distinct from, epi-
dermal growth factor receptor (EGFR), and 
shares a role in the regulation of cell prolifera-
tion. Trastuzumab has dramatically improved 
outcomes for patients with HER2-positive breast 
cancer; however, data from seminal clinical trials 
tells us that half of all patients still have non
responding tumors, and disease progression 
occurs within 1 year in the majority of cases [4]. 

Trastuzumab resistance & the role  
of lapatinib
Lapatinib targets both EGFR and HER2, and 
represents a promising attempt to bypass resis-
tance to trastuzumab. The mechanisms through 
which resistance develops are far from being 
well defined, but include increased cell signal-
ing (e.g., phosphatase and tensin homlog gene 

[PTEN ] loss, increased AKT activity), alterna-
tive cell signaling mediated by EGFR family 
pathways (e.g., transforming growth factor a 
overexpression or neuregulin overexpression) or 
alternative pathways (e.g., vascular endothelial 
growth factor [VEGF] or insulin-like growth 
factor-1 [IGFR-1] overexpression) [5]. In par-
ticular, the relevance of HER2 p95 needs to 
be considered; HER2 p95 is a truncated mem-
brane-associated fragment of HER2 that has 
lost its extracellular domain (ECD) through 
proteolytic cleavage; in  vitro studies suggest 
that p95 has a more active tyrosine kinase [6]. 
In addition, due to the lack of an ECD, anti-
bodies like trastuzumab are not able to act, and 
lapatinib offers the potential to overcome this 
by targeting the intracellular kinase part of the 
receptor. Further studies are being conducted 
to examine the potential role of lapatinib in 
the management of breast cancer in the neo
adjuvant, adjuvant and metastatic settings, both 
as a single agent and in combination with other 
therapies. Despite the fact that lapatinib inhibits 
both EGFR and HER2, EGFR expression has 
been shown not to predict response to lapatinib 
either in vitro [7] or in the clinical setting [8]. For 
this reason clinical trials of lapatinib are aimed 
at patients with HER2 overexpressing tumors, 
which correlate with response to lapatinib [8].

�� Lapatinib chemistry
Lapatinib ditosylate monohydrate is an oral, 
4-anilinoquinazoline-derived, reversible kinase 
inhibitor with a molecular weight of 943.5 
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(Figure 1) [101]. It inhibits receptor phosphoryla-
tion and prevents the resulting activation of 
downstream signaling pathways [9,10]. 

Pharmacodynamics & metabolism
Lapatinib was designed to specifically target the 
ATP binding sites of EGFR and HER2, fol-
lowing preclinical studies showing that dual 
EGFR and HER2 inhibition produced syn-
ergistic inhibition of cell growth [11]. These 
receptors are part of the HER family, which 
has two other members: HER3 and HER4. All 
receptors span the cell membrane with extra-
cellular, membrane spanning and cytoplasmic 
domains [12]. The intracellular domains of the 
HER family are highly conserved and all, except 
HER3, contain an intrinsic tyrosine kinase. In 
contrast, the ECDs differ between each recep-
tor and have differing affinities for activating 
ligands, except for HER2, which permanently 
maintains an active conformation and has no 
ligand [12]. Upon ligand binding, HER-1, -3 
and -4 undergo a conformational change to 
reveal a dimerization arm through which they 
interact with other receptors to form homo- and 
hetero-dimers [12]. In addition to other members 
of the HER family, HER1 is also able to dimer-
ize with platelet-derived growth factor receptor 
(PDGFR) and IGFR-1 [13]. Dimerization allows 
the cross-phosphorylation of the intracellular 
carboxyl-tails of each receptor, which attracts 
adapter proteins and activates a number of 
downstream signaling pathways, including the 
Ras–Raf–MAPK and phosphoinositol-3-kinase 
(PI3K)/AKT pathways, as well as others that 
control cell proliferation, migration, differen-
tiation and apoptosis [12,13]. In addition, HER 
proteins have been shown to translocate from 
the cell membrane to the nucleus, where their 

role is unclear, but they are thought to be able 
to act as transcription factors and promote DNA 
repair [14–16]. 

Preclinical studies have confirmed that lapa-
tinib is able to inhibit key cell signaling path-
ways including the Ras–Raf–MAPK and PI3K/
AKT pathways. In addition, the drug is able to 
inhibit cell proliferation and induce apoptosis in 
a variety of cell lines [17,18]. Inhibition of phos-
phorylation of EGFR and HER2 has also been 
demonstrated during treatment with lapatinib 
in a number of epithelial tumors in the clinical 
setting [19]. 

Pharmacokinetics 
A number of Phase  I studies have been con-
ducted and reported a range of pharmacokinetic 
data, which are discussed later. 

Lapatinib is delivered in tablet form, with 
each 250 mg tablet containing the equivalent 
of 405 mg of lapatinib ditosylate monohydrate 
[101]; it is poorly soluble in water, but tablets can 
be dispersed in water to aid administration. 
Absorption of the drug varies with diet (see 
below) and is delayed by around 30 min, with 
peak plasma concentration occurring 4 h after 
ingestion [10,101]. Lapatinib has a high volume 
of distribution (>2200 l) and is 99% bound to 
plasma proteins [10,101]. The dosing of lapatinib 
described in the package insert is based on that 
used in the pivotal Phase III registration trial. 
It recommends once-daily dosing, on an empty 
stomach 1 h before or after food. Daily dosing 
achieves a steady state within 6–7 days, with 
a half-life of 24 h. Dosing for lapatinib used 
within its licensed indication in combination 
with capecitabine was defined by the Phase I 
EGF10005 trial. The optimal tolerated dose was 
lapatinib 1250 mg once-daily plus capecitabine 
1000 mg/m2 twice-daily [20]. 

There remains debate concerning the opti-
mum dosing schedule when used as mono-
therapy. A randomized, controlled trial recently 
reported a comparison of lapatinib 1500  mg 
once-daily or 500 mg twice-daily as first-line 
therapy in metastatic breast cancer patients [21]. 
There were no differences in response rate or 
progression-free survival between the two arms. 
No pharmacokinetic or pharmacodynamic data 
has been reported for monotherapy, leaving us no 
further forward in selecting the optimal schedule. 
There is evidence that absorption of lapatinib can 
increase up to fourfold if taken with a high-fat 
meal [10,101], and that toxicity can be reduced 
by administration with a meal [22]. This con-
flicts with the current recommendation to take 
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Figure 1. Lapatinib ditosylate monohydrate.
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lapatinib while fasting, but does have the poten-
tial to reduce the tablet burden for patients and 
the economic burden for healthcare providers [23]. 

Elimination occurs via the liver, with 27% of 
oral dose recovered in feces, and less than 2% in 
the urine [9,10,101]. Hepatic metabolism is via the 
cytochrome P450 enzymes CYP3A4, 3A5, 2C8 
and 2C19, and a 63% increase in AUC is seen in 
patients with severe hepatic impairment as defined 
by a Child–Pugh class C [10,101]. Dose reductions 
are recommended in patients taking CYP3A4 
inhibitors (e.g., ketoconazole or clarithromycin), 
with increases suggested in patients taking 
CYP3A4 inducers (e.g., dexamethasone, carba-
mazepine and St John’s wort) [10,101]. Lapatinib 
is both a substrate for, and an inhibitor of, the 
transporters P-glycoprotein and breast cancer 
resistance protein [101]. For this reason caution is 
advised when using lapatinib in conjunction with 
other P-glycoprotein substrates, although specific 
interactions have only been studied in combina-
tion with the chemotherapy agents detailed below. 

�� Early clinical trials of lapatinib as a 
single agent
The initial Phase I clinical trials with lapatinib 
were conducted as dose-finding studies assessing 
both tolerability and toxicities. Further Phase I 
studies have been conducted in cancer patients 
with a view to examine the combination of lapa-
tinib with anticancer therapies. Data specific to 
breast cancer is discussed separately. 

Much of the initial toxicity and pharmaco
kinetic data was gained from a study conducted 
in 33 healthy volunteers [24]. The initial phase 
of this study was conducted in two groups of 
eight volunteers in an ascending dose, double-
blind, randomized, placebo-controlled, four-way 
crossover trial. Within this group each volunteer 
received three doses of lapatinib and one dose of 
placebo, at 14-day intervals [24]. The first group 
of eight received doses of 10, 50 and 175 mg; 
the second group 25, 100 and 250  mg. The 
second phase of this study involved the assess-
ment of multiple dosing in an ascending-dose, 
double-blind, randomized, placebo-controlled, 
staggered parallel design trial [24]. A total of 
27 volunteers were enrolled in this part of the 
study, split into three groups of nine, with six 
volunteers receiving the drug and three placebo, 
taken once-daily for 8 consecutive days. The first 
group received 25 mg, the second 100 mg and 
the third 175 mg. Single doses of 250 mg and 
multiple doses of 175 mg were well-tolerated and 
no grade 3 or 4 toxicities were reported, and the 
most common side-effect was headache [24]. 

In cancer patients, lapatinib has been stud-
ied in 67 heavily pretreated patients with 
metastatic cancer [25]. Eligibility for the study 
included the requirement for expression of 
EGFR and/or overexpression of HER2 (2/3+ 
immunohistochemistry [IHC] or fluorescence 
in situ hybridization [FISH] demonstrated gene 
amplification). This study was a randomized 
parallel-group, repeated dose-ranging study. 
Participants were randomized to one out of five 
dose groups; 500, 650, 900, 1200 and 1600 mg 
for 21 days. A protocol amendment added two 
further groups at 1000 and 2000 mg, but the lat-
ter group was never recruited. A total of 66% of 
patients experienced drug-related adverse events, 
with the most frequent reported as diarrhea 
(42%), rash (31%), nausea (13%) and fatigue 
(10%). Most were recorded at grade 1 or 2, with 
no grade 4 toxicities reported. Grade 3 toxicities 
included diarrhea, gastroesophageal reflux and 
skin rash. There were no reports of interstitial 
pneumonitis or drug-related reduction in left 
ventricular ejection fraction (LVEF). Grade 3 
diarrhea was related to drug dose, but not plasma 
concentration. Four (7%) of the 59 evaluable 
participants reported a partial response, all of 
whom had breast cancer overexpressing HER2, 
and three with co-expressed EGFR. 

�� Early clinical trials of lapatinib in 
combination with chemotherapy
Six Phase I studies have been reported examin-
ing the combination of lapatinib with chemo
therapy regimens in patients with advanced 
cancer. In one study of 45 patients, the only 
complete response (CR) was seen in a patient 
with inflammatory breast cancer (IBC) (dis-
cussed later). Three confirmed partial responses 
(PRs) were seen in patients with breast, gastric 
and head and neck cancer [20]. 

Lapatinib has been studied in combination 
with oxaliplatin, 5-fluorouracil (5-FU) and leu-
covorin (LV) (FOLOFOX regimen) [26]. The dose 
of 1500 mg/day in combination with standard 
FOLFOX was defined as the optimally tolerated 
regime, and this was used in 21 patients enrolled 
in the pharmacokinetic study. The most com-
mon adverse advents were nausea (86%), diarrhea 
(85%), vomiting (65%), fatigue (53%), neuro
pathy (53%) and mucositis (50%). Confirmed PR 
were reported in two patients, one with colorectal 
cancer and the other with cholangiocarcinoma. 

Lapatinib in combination with 5-FU, LV and 
irinotecan (FOLFIRI) has been found to increase 
the AUC of SN-38, the active metabolite of iri-
notecan, by 41% [27]. In this study conducted in 
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12 patients, the optimally tolerated regimen of 
FOLFIRI was determined as 60% of standard 
dose in combination with lapatinib 1250 mg/day. 
Dose-limiting toxicities were found to be grade 3 
diarrhea and grade 4 neutropenia. Neutropenia 
has also been found to be a problem when lapa-
tinib was combined with docetaxel. The opti-
mally tolerated regimen of lapatinib in combi-
nation with docetaxel was reported as lapatinib 
1250 mg daily, docetaxel 75 mg/m2 three-weekly 
and pegfilgastrin in a study of 52  patients 
with advanced cancer  [28]. Dose-limiting tox-
icities were reported as grade 4 neutropenia in 
one patient receiving lapatinib 1250 mg with 
docetaxel 60 mg/m2 and 50 mg/m2, leading to 
the addition of pegfilgastrin to the treatment 
regimen. Following this protocol amendment, 
the most frequent dose-limiting toxicities were 
diarrhea and skin rash. At the 9-week response 
assessment, two patients had confirmed PR 
(prostate and unknown primary cancers). 

Lapatinib in combination with carboplatin 
has been studied in patients with platinum-
sensitive ovarian cancer. Carboplatin at a dose 
of a three-weekly cycle at AUC6 and lapatinib 
750 mg/day produced grade 3 neutropenia, lead-
ing to a reduction to AUC5 [29]. Despite this 
reduction, one out of the five patients enrolled 
developed grade 3 neutropenia, leading to 
excessive treatment delays. 

The development of neutropenia when lapa-
tinib is combined with carboplatin, FOLFIRI 
or docetaxel results in reduced doses of chemo-
therapy agents used in combinations compared 
with standard chemotherapy doses alone. This is 
despite the fact that pharmacokinetic data from 
these studies have shown no interaction between 
lapatinib and the chemotherapy agents involved, 
except for SN38. The reasons for the develop-
ment of neutropenia in these circumstances 
requires further investigation. 

A Phase II trial in the neoadjuvant/adjuvant 
setting demonstrated that the combination of 
paclitaxel, trastuzumab and lapatinib is not 

feasible with a lapatinib dose of 1000 mg daily. 
Over a third of patients thus far have required 
a lapatinib dose-reduction, and the study closed 
early with 95 patients accrued. Grade 3 diarrhea 
was excessive, despite supportive treatment [30]. 

�� Safety & toxicity of lapatinib
The larger studies in breast cancer have now 
accurately profiled the side effects of lapatinib. 
The most commonly reported adverse events 
are diarrhea and a dry acneiform skin rash, both 
of which can be reduced by strict adherence to 
toxicity management protocols [31]. For diarrhea, 
this involves the proactive use of antidiarrheals; 
skin rash is helped by generously applied emol-
lients and, if required, antibiotics. The correlation 
between severity of rash and efficacy seen with 
other EGFR inhibitors has not been shown for 
lapatinib. Rare, but potentially life-threatening 
toxicities include interstitial pneumonitis and 
hepatic toxicity [31,32]. Used within its licensed 
indication, lapatinib adds relatively little to the 
toxicity of capecitabine alone. In the EGF100151 
trial, discontinuation due to toxicity was equal 
between arms [33] (Table 1). 

�� Cardiotoxicity & lapatinib
Cardiotoxicity manifesting as a symptomatic 
or asymptomatic reduction in LVEF is seen 
with other HER2 targeted agents. Concern 
therefore exists over the potential for cardio-
toxicity with lapatinib, and there are reports 
of decreased LVEF. For this reason caution is 
advised with conditions that could impair the 
LVEF, and baseline measurements are recom-
mended [34]. A theoretical concern also exits 
when combining lapatinib with capecitabine, 
which can cause cardiotoxicity in the form of 
coronary artery spasm or arrhythmias. In the 
EGF100151 study, there were no differences in 
median LVEF between treatment groups during 
the trial. There was one episode of Prinzmetal’s 
angina in a patient who was subsequently found 
to have an asymptomatic drop in LVEF. There 

Table 1. Summary of toxicity from the EGF100151 trial.

Grade 1/2 adverse events (%) Grade 3/4 adverse events (%)

L + C C L + C C

Diarrhea 51 30 14 10

PPE 42 37 12 14

Nausea 42 42 2 2

Vomiting 24 20 2 2

Fatigue 21 21 3 4

Rash 27 13 2 1
C: Capecitabine; L: Lapatinib; PPE: Palmar–plantar erythrodysesthesia.
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were four asymptomatic drops in LVEF in the 
combination arm, compared with two in the 
control arm. 

A pooled analysis of 3689  patients who 
received lapatinib in 44 Phase I studies showed 
that a study-defined cardiac event only occurred 
in 1.6% of patients; decreases in LVEF being 
asymptomatic in 83% of cases, and 88% of 
patients for whom data existed regained partial 
or full cardiac function, regardless of continu-
ation or discontinuation of lapatinib [35]. Data 
from Phase IIII and observational whole popu-
lation studies will be essential in confirming 
cardiac safety in the treatment population. 

�� Clinical trials of lapatinib in  
breast cancer
First-line treatment of metastatic 
breast cancer in combination with 
chemotherapy
The EGF300001 Phase III trial evaluated lapa-
tinib or placebo in combination with paclitaxel 
as first-line therapy for MBC [36]. The target 
population of this trial was MBC patients with 
HER2-negative tumors (i.e., those not eligible 
to receive trastuzumab), but in fact, 87 patients 
with unknown HER2 status were recruited. 
Enrolled patients received paclitaxel 175 mg/m2 
every 3  weeks plus either lapatinib 1500  mg 
daily or placebo. In the intent-to-treat analysis 
of 579 patients, there was no overall significant 
difference in time-to-progression (TTP), the 
primary end point or overall survival (OS), sug-
gesting a lack of efficacy in the HER2-negative 
MBC population. 

After a preplanned central laboratory review of 
HER2 status, 86 of the 531 patients for whom tis-
sue samples were available were found to be HER2-
positive using FISH and/or IHC. Comparing the 
49 patients in the paclitaxel–lapatinib arm with 
the 37 patients in the paclitaxel–placebo arm, 
median TTP was 36.4 versus 25.1 weeks, with a 
hazard ratio [HR] of 0.53 (95% CI: 0.31–0.89; 
p = 0.005). There was also a significant improve-
ment in overall response rate and event-free sur-
vival, but the data is insufficiently mature to 
comment on overall survival to date. 

As discussed previously, the EGF20009 
trial examined the tolerability and activity 
of two lapatinib regimens, 1500  mg once-
daily with 500 mg twice-daily [21]. This trial 
recruited women receiving first-line treatment 
for HER2 overexpressing MBC. Women who 
had received neoadjuvant or adjuvant therapy 
were permitted to enter the trial; however, no 
patient had received prior trastuzumab therapy. 

A total of 69 women were recruited in each 
arm, with 24% achieving a CR or PR overall 
(22% in the 1500 mg daily, and 26% in the 
500 mg twice-daily arm, p = 0.691). Overall, 
31% of women achieved a clinical benefit of 
CR, PR or stable disease (SD) lasting for at 
least 24 weeks, demonstrating a clinical activity 
in this setting. 

Lapatinib after disease progression 
with trastuzumab therapy
Regulatory approval of lapatinib in the USA 
for use in combination with chemotherapy in 
advanced trastuzumab refractory breast cancer 
was granted on the basis of a planned interim 
analysis of the EGF100151 trial [37]. 

The clinical activity of lapatinib in combina-
tion with capecitabine was suggested in a Phase 1 
trial [20]. This tested the combination in patients 
with previously treated, advanced solid malig-
nancies, and confirmed its tolerability with no 
detectable pharmacokinetic interaction. Of the 
seven included patients with breast cancer, one 
each achieved a CR and a PR. 

The EGF100151 trial recruited women with 
locally advanced or metastatic HER2-positive 
breast cancer that had progressed after treatment 
with regimens that included an anthracycline, a 
taxane and trastuzumab. They were randomly 
assigned in a 1:1 ratio to receive either combi-
nation therapy (lapatinib 1250 mg per day con-
tinuously plus capecitabine 1000 mg/m2 twice 
daily on days 1–14 of a 21‑day cycle) or mono-
therapy (capecitabine 1250 mg/m2 twice daily 
on days 1–14 of a 21‑day cycle). 

HER2-positivity was defined as grade 3+ 
by IHC or grade 2+ by IHC plus positive gene 
amplification as tested by FISH based on local 
laboratory assessment. All patients had measur-
able disease by Response Evaluation Criteria In 
Solid Tumors (RECIST). The primary end 
point was TTP, as assessed by independent 
reviewers under blinded conditions. It was 
defined as time from randomization to tumor 
progression, or death related to breast cancer. 
The first preplanned interim analysis was per-
formed after 121 disease progression events in 
324 randomized patients, and demonstrated 
a significantly longer TTP for the combina-
tion arm with a hazard ratio (HR) of 0.49 
(95% CI: 0.34–0.71; p < 0.001). Median TTP 
was 8.4 versus 4.4 months. In light of this and 
an acceptable safety profile, the Independent 
Drug Monitoring Committee (IDMC) recom-
mended that the trial be closed and treatment 
crossover was permitted. 
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An updated analysis, including an additional 
75 patients who had been recruited between the 
interim analysis and the stopping of the trial, 
has subsequently been published [33]. Taking 
this population of 399 randomized women 
with 184 TTP events, prolonged TTP was con-
firmed with a HR of 0.57 (95% CI: 0.43–0.77; 
p < 0.001). This corresponded to a difference in 
median TTP of 6.2 versus 4.3 months. OS did 
not demonstrate a statistically significant dif-
ference with a HR of 0.78 (95% CI: 0.55–1.12; 
p = 0.177) although, as the trial was ended early, 
it was insufficiently powered to detect an OS 
difference. In fact, any difference in OS is likely 
to have been attenuated by a treatment arm cros-
over effect. Response rates were 24% in the com-
bination arm versus 14% in the monotherapy 
arm, corresponding to an odds ratio (OR) of 1.9 
(95% CI: 1.1–3.4; p = 0.017). 

Lapatinib was studied in the randomized, 
controlled trial EGF104900, alone or in combi-
nation with trastuzumab in patients with HER2-
positive MBC who progressed on trastuzumab. 
A statistically significant increase in the primary 
end point progression-free survival (PFS) was 
seen in the combination arm. Grade 1/2 diar-
rhea was higher in the combination arm (53 vs 
41%); acneiform rash was more common in the 
lapatinib-alone arm, possibly due to the higher 
lapatinib dose. Asymptomatic decline in LVEF 
(>20% and below the lower limit of normal) 
occurred in 5% of patients in the combination 
arm and 2% of patients in the lapatinib-alone 
arm. One death occurred due to cardiac toxicity 

in the combination arm [38].

Lapatinib in the management of 
inflammatory breast cancer
Inflammatory breast cancer generally accounts 
for between 1 and 6% of breast cancer cases 
worldwide and up to 20% of newly diagnosed 
breast cancer in North Africa [39–41]. The disease 
is characterized by an aggressive nature, a ten-
dency to affect younger women, a high propor-
tion of local and distant metastases present at 
diagnosis and lower overall survival [42]. There 
is an increased rate of HER2 positivity in IBC, 
with up to 60% being HER2-positive [43–46]. 

This led to optimism for the potential ben-
efit of lapatinib in this disease. Supporting data 
first came from two Phase I trials (EGF10004 – 
lapatinib alone, and EGF10009 – lapatinib plus 
paclitaxel) in heavily pretreated unselected meta-
static carcinomas. A total of five IBC patients 
were included in these trials, of which three had 
PR and one had a prolonged complete remission 

lasting 3 years. All four responding IBC tumors 
overexpressed HER-2 [25,47]. In response to this 
finding, a Phase  II trial was initiated testing 
lapatinib 1500 mg daily in IBC patients whose 
tumors are refractory to, or relapsed following 
anthracycline therapy. This included two cohorts 
of IBC patients: 30 patients were assigned to 
cohort A if their tumor overexpressed HER2, 
regardless of EGFR expression; 15 patients were 
assigned to cohort B if their tumor expressed 
EGFR without HER2 overexpression. A total 
of 50% of patients had received prior trastu-
zumab. In cohort A, there were 13 PR and two 
CR (clinical response in the chest wall or skin 
or response by RECIST criteria = 50%) with a 
median PFS of 14 weeks (95% CI: 15–32 weeks; 
median follow-up time of 15.3 weeks); cohort B 
was closed early due to negligible responses (only 
one PR) [48]. In this trial, prior trastuzumab did 
not preclude response to lapatinib. 

The preliminary results of a Phase II trial test-
ing lapatinib as neoadjuvant therapy for newly 
diagnosed IBC were reported in 2006. Lapatinib 
1500 mg daily was administered for 2 weeks, 
followed by 12 weeks treatment with lapatinib at 
the same dose plus paclitaxel 80 mg/m2 weekly. 
A total of 30 patients had HER2-positive breast 
cancer and five were HER2-negative. Tumor 
biopsies were taken prior to treatment and after 
2 weeks. A total of 95% (20 out of 21) of evalu-
able patients with HER2-positive tumors had 
a clinical response, with 12 patients respond-
ing in both RECIST measurable and chest wall 
sites of disease. In Cohort B, 100% (2 out of 
2) of evaluable patients with HER2-negative 
tumors responded in RECIST and chest wall 
sites [49]. Mature data regarding the primary out-
come of pathological complete response (pCR) 
is awaited, but this compares favorably with the 
current best treatment where combinations of 
an anthracycline and taxane produce responses 
of 70–80% [46].

Future research into lapatinib in IBC is 
underway by the European Organization for 
Research and Treatment of Cancer with a ran-
domized Phase I/II trial (EORTC-10054) [102]. 
The Phase I component of this trial has already 
established that to deliver the standard dose 
of docetaxel 100  mg/m2 three-weekly with 
lapatinib 1000 mg daily requires prophylac-
tic growth colony stimulating factor [50]. The 
protocol will now move on to a second phase 
to study these drugs together following com-
bination chemotherapy with fluorouracil, epi-
rubicin and cyclophosphamide (FEC). The 
Phase II component will then establish pCR in 
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the neoadjuvant setting for locally advanced, 
inflammatory or large resectable breast cancer 
to one of three arms:

n	Arm A: FEC then lapatinib and docetaxel

n	Arm B: FEC then trastuzumab and docetaxel

n	Arm C: FEC then lapatinib and trastuzumab 
and docetaxel 

All patients will receive trastuzumab after 
surgery (Figure 2). 

Lapatinib in the management of  
CNS metastases
Current evidence suggests that patients with 
HER2-positive MBC have a higher rate of 
CNS metastases by comparison of case series 
with historical controls [51,52]. When consid-
ering that up to a third of these breast cancer 
patients may develop CNS metastases during 
their illness, this represents a significant prob-
lem [53]. Retrospective evidence suggests that 
trastuzumab may impact on the survival of these 
patients [54], although this effect is thought to be 
limited due to an inability of trastuzumab to cross 
the blood–brain barrier [55]. In fact, the higher 
rate of CNS metastasis seen in HER2-positive 

breast cancer may be due to either a differential 
effect between the CNS and other metastatic 
disease combined with increased survival with 
systemic therapy, or simply a difference in the 
biology of this disease subtype [56,57]. 

Interestingly, in the updated analysis of the 
EGF100151 trial, symptomatic CNS metasta-
ses (at the time of first progression at any site) 
were seen in only four (2%) patients in the lapa-
tinib plus capecitabine arm, versus 13 (6%) in 
the capecitabine-alone arm. Although not pre-
planned, this difference was statistically signifi-
cant (p = 0.045) [33]. This effect is hypothesized 
to be due to the ability of the small-molecule 
lapatinib to cross the blood–brain barrier. 

Dedicated trials have been undertaken to 
explore this further: a Phase  II trial by Lin 
et al. recruited 39 patients with HER2-positive 
breast cancer and progressive brain metastases 
after prior trastuzumab treatment. A total of 
37 patients had also developed tumor progression 
after cranial radiotherapy. Patients received lapa-
tinib 750 mg twice-daily. One patient achieved a 
PR in the brain by RECIST (objective response 
rate 2.6%, 95% conditional CI: 0.21–26%). 
The study did not meet the predefined criteria 
for antitumor activity; however, seven (18%) 
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patients were progression free in both CNS 
and non-CNS sites at 16 weeks. The median 
TTP was 3  months (95%  CI: 2.3–3.7)  [58]. 
Following on from these exploratory results, a 
larger Phase II trial (EGF105084) was initiated 
to study a similar patient population, but intro-
duced new criteria to define response. This was 
defined as at least a 50% volumetric reduction of 
CNS lesions in the absence of new lesions, a need 
for increased dose of steroids, progressive neu-
rological signs/symptoms or progressive extra-
CNS disease. The 241 enrolled patients were 
heavily pretreated. By the defined criteria, a PR 
was reported in 15 (6%) patients, and 102 (42%) 
patients had SD of greater than 8 weeks. The 
median PFS for all patients was 3.7 months [59]. 
As an extension to this trial, in response to the 
EGF100151 trial, patients who experienced pro-
gressive disease on single-agent lapatinib were 
given the option of receiving lapatinib (1250 mg 
daily) plus capecitabine (2000 mg/m2 daily on 
days 1–14 of a 21-day cycle). Preliminary results 
from 51 patients are available which, by the same 
response criteria definitions, show that 10 (20%) 
had a PR and 18 (35%) had SD at 8 weeks [60]. 
These findings, which are also exploratory, add 
to the suggestion from the EGF100151 trial that 
lapatinib in combination with capecitabine is 
an active combination in CNS metastases from 
HER2-positive breast cancer. 

Although modest activity has been dem-
onstrated in CNS metastases in patients with 
HER2-positive breast cancer, this has been 
shown in a heavily pretreated group and fur-
ther research is worthwhile. Future research 
includes the Lapatinib and Temozolomide for 
the Treatment of Progressive Brain Disease in 
HER-2 Positive Breast Cancer (LAPTEM) 
Phase I trial, which is looking at lapatinib and 
temozolomide in combination for the treatment 
of progressive brain disease in HER2-positive 
breast cancer [103]. Another Phase III trial, which 
has recently completed recruitment, is testing 
lapatinib plus capecitabine versus trastuzumab 
plus capecitabine in HER2-positive metastatic 
breast cancer [104].

�� Lapatinib in combination with 
endocrine therapy
Interest in the combination of HER targeting 
drugs and endocrine therapy has arisen from 
in vitro data demonstrating crosstalk between 
the estrogen receptor (ER) and growth factors, 
which may contribute to resistance to endocrine 
therapy [61,62]. In addition, there is evidence that 
tamoxifen or estrogen deprivation can upregulate 

the HER2 receptor to produce HER2-dependent 
acquired resistance [63]. An optimally tolerated 
dose of lapatinib 1500 mg/day in combination 
with letrozole 2.5  mg was defined by a dose 
escalation study in 12 patients with advanced 
cancer [64]. This study went on to examine this 
regimen in a further 27 patients. Although they 
found a higher incidence of diarrhea and skin 
rash than that reported in single-agent lapatinib 
trials, the combination with letrozole was gener-
ally well-tolerated. A total of 18 (46%) patients 
in this study had breast cancer, and one with 
an ER/PR/HER2-positive tumor achieved a PR 
to therapy. This combination was subsequently 
assessed in the EGF30008 randomized, con-
trolled trial comparing letrozole 2.5 mg with 
and without lapatinib 1500 mg daily in women 
with hormone-receptor-positive untreated met-
astatic breast cancer. Recently reported results 
demonstrate an improvement in the primary 
end point PFS in the HER2-positive subgroup 
of 219 patients with a median PFS of 3.0 months 
with letrozole alone versus 8.2 months with letro-
zole in combination with lapatinib (HR: 0.71; 
95% CI: 0.53–0.96) [65]. 

Further studies examining the combination 
of lapatinib with tamoxifen in breast cancer 
are currently being undertaken. These have an 
additional challenge due to complex CYP3A4-
dependent interactions between these two 
agents [66]. Lapatinib in combination with ful-
vestrant is also being tested. 

�� Predicting response to lapatinib
Standardization of the definition of HER2-
positivity is vital if the results of multiple clinical 
trials are to be applied in routine clinical prac-
tice. The gold standard for establishing HER2-
positivity in clinical trials is prospective testing 
by a central laboratory, defining a positive test 
result as positive by FISH or score 3+ on a 0 to 
3+ scale by IHC, with 3+ defined as uniform 
intense membrane staining of more than 30% 
of invasive tumor cells; a score of 2+ requiring 
confirmation by FISH [67]. These guidelines were 
developed from trials of trastuzumab in breast 
cancer and have been variably applied in trials 
in lapatinib to date, but must be whole-heartedly 
adopted for future research. Indeed, retrospective 
analyses of the central HER2 testing status in 
the pivotal EGF100151 and EGF300001 stud-
ies suggest that the same cut-off predicts for 
lapatinib benefit [8].

Initial eligibility for the EGF100151 trial 
relied on local confirmation of HER2 positiv-
ity by the above definition. Subsequent central 
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review in 241 (77%) patient tissue samples pro-
vided an opportunity to test the prognostic and 
predictive value of the different testing methods. 
This exploratory analysis suggested that HER2-
positive status by FISH was a stronger predic-
tor for benefit from the addition of lapatinib to 
capecitabine compared with HER2 positivity 
by IHC staining. 

Much work remains to be carried out in the 
further characterization of biomarkers for pre-
dicting benefits from lapatinib therapy. High 
serum HER2 ECD levels have been associated 
with poor response to chemotherapy [68,69] and 
improved response to trastuzumab [32]. However, 
serum HER2 ECD did not predict benefit from 
lapatinib in the EGF100151 trial. The analysis 
also found no differential benefit in patients by 
tumor expression of EGFR [8]. In the Phase II 
trial in IBC outlined above, phosphorylated 
HER-3 and lack of p53 expression predicted 
response to lapatinib (p < 0.05), and tumors 
co-expressing pHER-2 and pHER-3 were more 
likely to respond to lapatinib (nine of 10 vs four 
of 14; p = 0 .0045) [48]. 

Regulatory & economic considerations
Lapatinib was approved by the US FDA on 
March 13, 2007, and marketing authorization 
was granted in the EU on 10th June, 2008. It 
is currently licensed only in combination with 
capecitabine for the treatment of patients with 
advanced or metastatic breast cancer whose 
tumors overexpress HER2. Specifically, patients 
should have progressive disease following prior 
therapy, which must include anthracyclines and 
taxanes and therapy with trastuzumab in the 
metastatic setting. The recommended dose for 
the licensed indication is 1250 mg (five tablets) 
daily as a single dose [70]. Lapatinib is manu-
factured by GlaxoSmithKline (London, UK), 
and it has Tyverb® as a brand name in most of 
Europe, and Tykerb® in the USA.

Fully published peer-reviewed cost–effec-
tiveness models are scarce for lapatinib, but it 
is undoubtedly an area of research priority for 
many countries. Any independent modeling 
so far places the cost per quality-adjusted-life-
year well above common approval thresholds 
for publically funded healthcare systems [71,72]. 
Economic evaluation of lapatinib used for its 
licensed indication depends largely on what is 
taken as the current standard-of-care comparator 
after progression of HER2-positive MBC after 
an anthracycline, a taxane and trastuzumab, 
and this is far from clear. The obvious analysis 
compares capecitabine alone with capecitabine 

plus lapatinib, but this may not accurately 
reflect clinical practice. Accepting the use of 
trastuzumab alone or with capecitabine beyond 
progression on trastuzumab or incorporating 
vinorelbine as a comparator in a proportion of 
patients may be more appropriate. 

In the UK in 2008, the National Institute 
for Clinical Excellence (NICE) rejected the use 
of lapatinib in the NHS on cost–effectiveness 
grounds, assuming that the use of trastuzumab 
beyond progression was not a valid comparator, 
although it is widely used. However, in light of 
recent shifts in UK policy applied to the assess-
ment of treatments at the end of life, the case for 
lapatinib has been reopened following appeal, 
and further guidance is due [105]. Elsewhere, such 
as in Germany and the USA, lapatinib is starting 
to be recommended for selected patients [106,107].

Various patient access schemes have been 
launched or proposed by the manufacturer 
pending further appraisal by healthcare 
decision makers. 

Future perspective
�� Lapatinib as first-line treatment for 

HER2-postive MBC
EGF30001 demonstrates that the addition of 
lapatinib to paclitaxel in the first-line setting for 
the treatment of HER2-positive MBC produces 
benefits similar to those seen with the addition 
of trastuzumab to a taxane in the same setting 
(increase in TTP from approximately 7 months 
to around 8 months) [73–75]. Which of the two 
drugs is more beneficial can be answered by 
the EGF108919 trial, which involves a head-to-
head comparison between the two drugs. The 
National Cancer Institute of Canada is con-
ducting this trial, which involves randomization 
between lapatinib or trastuzumab in combina-
tion with either paclitaxel or docetaxel. The pri-
mary end point is PFS, and secondary end points 
include OS, incidence of CNS metastasis as first 
progression and time to CNS metastasis as first 
progression, clinical benefit rate and safety. 
Ongoing and planned trials testing lapatinib in 
breast cancer are summarized in Tables 2 & 3.

�� Lapatinib therapy after 
progression on trastuzumab in MBC 
From a broader perspective, the EGF100151 
trial was the first randomized, controlled, pro-
spective study demonstrating efficacy of con-
tinued anti-HER2 targeted therapy following 
progression on trastuzumab in advanced breast 
cancer. Apart from retrospective analyses, with 
their inherent weakness such as that conducted 
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by Montemurri et al. [76], the only other robust 
evidence supporting this strategy is provided by 
the randomized trial GBG26/TBP, which set 
out to compare capecitabine with or without 
trastuzumab in patients who had progressed or 
relapsed after any prior trastuzumab treatment. 
This was closed early on the recommendation 
of the IDMC after recruiting 156 patients. The 
final analysis recently reported statistically sig-
nificant advantages for the combination arm 
with increased response rates and mean TTP of 
5.6 vs 8.2 months (p = 0.034) [77]. Although the 
effect size is similar to that seen with lapatinib 
in the EGF100151 trial, lower numbers and the 
consequent lower statistical certainty make it a 
weaker evidence base. Differences in the patient 
populations between these trials makes meta-
analysis inappropriate. Controversy therefore 
remains regarding the optimum treatment in 
this refractory patient population after a taxane 
and an anthracycline, but taking these two trials 
together does strongly support the idea of contin-
ued anti-HER2 therapy after first progression on 
a trastuzumab-based regimen. Should we com-
bine lapatinib or trastuzumab with capecitabine 
or an alternative chemotherapeutic agent such as 
vinorelbine? Answers may lie in novel combina-
tions of therapies targeting resistance pathways, 
and investigation into this area is underway. 

The combination of trastuzumab with esca-
lating doses of lapatinib (750–1500 mg daily), 
has been investigated in patients with HER2-
overexpressing breast cancer [78]. A total of 
54  patients were enrolled, with 50  patients 

having received at least one prior trastuzumab-
containing regime. Most patients reported 
at least one drug-related adverse advent. No 
grade 4 events were reported, the most com-
mon grade 3 toxicities were diarrhea, rash and 
fatigue. Pharmacokinetic studies were conducted 
in 27 patients. No significant differences were 
seen in the peak plasma concentration or AUC 
of either lapatinib or trastuzumab, in combina-
tion or as a single agent. Clinical response was 
assessed after 8 weeks. One CR, seven with PR 
and six with SD lasting longer than 6 months, 
were observed. All eight responders had received 
prior trastuzumab-containing chemotherapy [78]. 

Other novel combinations are being tested. 
The VEGF inhibitor bevacizumab has recently 
demonstrated clinical activity in a Phase II trial 
with an acceptable safety profile in combina-
tion with lapatinib in HER2-positive meta-
static breast cancer after progression on standard 
therapies [79]. 

�� Lapatinib therapy in early  
breast cancer
The historical path of development for anti
cancer systemic treatments traditionally moves 
from the treatment of advanced disease in a 
palliative setting to use as curative therapy in 
early disease. Lapatinib is now being tested as 
adjuvant treatment after surgical treatment of 
early breast cancer. The challenge will be in 
finding a role complimentary to trastuzumab. 
Lapatinib may have a number of advantages, 
including its more convenient oral formulation, 

Table 2. Selected ongoing or planned randomized trials in locally advanced or metastatic breast cancer.

Trial Primary end point Population Treatment arms

EGF104900 PFS Trastuzumab-refractory MBC Trastuzumab + lapatinib 
vs
lapatinib alone

EGF30001 TTP First-line for patients with 
HER2-negative or untested MBC

Paclitaxel + lapatinib
vs
paclitaxel + placebo

EGF104535 CBR First-line for HER2-positive MBC Paclitaxel + lapatinib 
vs
paclitaxel + placebo

EGF104383 TTP First-line for HER2-positive MBC Paclitaxel + trastuzumab + lapatinib 
vs
paclitaxel + trastuzumab + placebo

EGF108919 PFS Stage IV, HER2-positive Taxane + lapatinib 
vs
taxane + trastuzumab

CALGB 40302 PFS Postmenopausal women with 
HR-positive, HER2-positive 
advanced breast cancer 

Fulvestrant + lapatinib 
vs
fulvestrant + placebo

CALGB: Cancer and Leukemia Group B; CBR: Clinical benefit rate; HER2: Human epidermal growth factor receptor 2; HR: Hormone receptor; MBC: Metastatic breast 
cancer; PFS: Progression-free survival; TTP: Time to progression. 
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ability to cross the blood–brain barrier and its 
possibly lower cardiotoxicity; two global trials 
are under way.

The Tykerb Evaluation after Chemotherapy 
(TEACH; EGF105485) trial is a randomized, 
double-blind, placebo-controlled trial evaluat-
ing 1 year of lapatinib 1500 mg daily in patients 
previously treated with primary neoadjuvant 
or adjuvant chemotherapy. Eligibility defines 
patients with HER2-positive breast cancer who 
have no clinically or radiologically detectable 
cancer and have not received prior trastuzumab. 
The primary end point is disease-free survival 
and, with recruitment now complete, mature 
results are awaited [108].

The Adjuvant Lapatinib And/Or Trastuzumab 
Treatment Optimization (ALTTO; EGF106708; 
BIG 2–06/N063D) trial offers a real oppor-
tunity to define best treatment strategies in 
women with HER2-positive early breast cancer. 
This large, multinational study commenced in 
February 2008 and aims to recruit 8000 patients 

from 1218 centers. There are two designs of the 
trial running concurrently; design one will enter 
patients following completion of all (neo)adju-
vant chemotherapy, which must include at least 
four cycles of an anthracycline-based regimen, 
but no taxane. Design two will enroll patients 
who have also completed anthracyline-based 
chemotherapy, but in whom paclitaxel chemo-
therapy has been recommended. In this group 
patients will receive weekly paclitaxel concur-
rently with anti-HER2 therapy for the first 
12 weeks. All patients are randomized to receive 
one of four possible combinations of anti-HER2 
treatment: trastuzumab alone, lapatinib alone, 
lapatinib plus trastuzumab or trastuzumab for 
12 weeks, 6 weeks ‘washout’ period and then 
lapatinib. In total, all participants will receive 
52 weeks of therapy [109] (Figure 3).

The Neo-Adjuvant Lapatinib and/
or Trastuzumab Treatment Optimization 
(NEO-ALTTO; BIG-1–06/EGF106903) is 
a trial looking at the use of lapatinib and/or 

Table 3. Ongoing or planned trials in early-stage breast cancer.

Trial Primary end 
point

Population Treatment arms

EGF105485
(TEACH) 

DFS HER2-positive, trastuzumab-naive patients 
who have completed adjuvant therapy

Lapatinib 
vs
placebo

EGF105485
(ALTTO) 

DFS HER2-positive, adjuvant setting Trastuzumab 
vs
lapatinib 
vs
sequential combination 
vs
concurrent combination

EGF106903
(Neo-ALTTO) 

pCR rate HER2-positive, neo-adjuvant setting Trastuzumab 
vs
lapatinib 
vs 
concurrent combination

EORTC 10054 Phase I = MTD
Phase II = pCR

HER2-positive, locally advanced, 
inflammatory, or large resectable breast 
cancer – after neoadjuvant FEC 100 

Trastuzumab + docetaxel
vs
lapatinib + docetaxel
vs
lapatinib + trastuzumab + docetaxel

GeparQuinto (GBG) pCR HER2 positive breast cancer, neoadjuvant 
setting, concurrent with EC-T

EC-T + trastuzumab
vs
EC-T + lapatinib

CHERLOB pCR HER2 positive breast cancer, neoadjuvant 
setting, concurrent anthracycline then 
taxane

Trastuzumab 
vs
lapatinib 
vs
concurrent combination

ALTTO: Adjuvant Lapatinib And/Or Trastuzumab Treatment Optimization; CHERLOB: Preoperative Chemotherapy plus Lapatinib or Trastuzumab or Both in  
HER2-Positive Operable Breast Cancer; DFS: Disease-free survival; EC-T: Epirubicin and cyclophosphamide followed by docetaxel; EORTC: European Organization for 
Research and Treatment of Cancer; FEC 100: 5-flurouracil 500 mg/m², epirubicin 100 mg/m², cyclophosphamide 500 mg/m² every 3 weeks; GBG: German Breast 
Group; HER2: Human epidermal growth factor receptor 2; MTD: Maximum tolerated dose; Neo-ALTTO: Neo-Adjuvant Lapatinib and/or Trastuzumab Treatment 
Optimization; pCR: Pathological complete response; TEACH: Tykerb® Evaluation After Chemotherapy.
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trastuzumab with neoadjuvant chemotherapy 
[110]. It is designed as a randomized, multicenter 
open-label trial of neoadjuvant paclitaxel plus 
lapatinib, trastuzumab or both in women with 
HER2-positive primary breast cancer. Imaging 
with positron emission tomography will take 
place at baseline and after 6 weeks of initial 

therapy. The recruitment target is 450 patients, 
with over 150 recruited since launch in 
December 2007 (Figure 4). 

The Preoperative Chemotherapy plus Lapatinib 
or Trastuzumab or Both in HER2-Positive 
Operable Breast Cancer (CHERLOB) trial is a 
Phase IIb trial also looking at the neoadjuvant 
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setting. It combines lapatinib or trastuzumab or 
the combination with an anthracycline followed 
by a taxane. Early analysis of cardiac toxicity 
appears acceptable, and the trial continues to 
recruit [80]. 

Conclusion
Lapatinib in combination with capecitabine has 
established itself as a therapy for patients with 
HER2 overexpressing MBC following treatment 
with taxanes, anthracyclines and trastuzumab. 
Lapatinib has the advantage of being an oral 
formulation, although current advice is that it 
is taken on an empty stomach in view of altera-
tion in absorption in the presence of high levels 
of fat. Lapatinib is mostly bound to plasma pro-
teins, giving it a high volume of distribution. 
Metabolism is hepatic, and care should be taken 
in patients with liver impairment and when used 
in combination with other drugs that affect cyto-
chrome P450 enzymes. The most common side 
effects are an acneiform skin rash and diarrhea 
which, in most cases, can be controlled. Rare, 
but potentially life-threatening toxicities include 
interstitial pneumonitis and hepatic toxicity. As 
with trastuzumab, the potential for decreases in 
LVEF should be considered, especially in those 
with impairment already. As clinical experience 
with lapatinib increases, the true cardiac risk 
should become apparent.

Further research into the roles of lapatinib in 
the treatment of IBC and in combination with 
endocrine therapy are underway. In addition, 
the roles of both lapatinib and trastuzumab in 
combination with chemotherapy in both meta-
static and early breast cancer needs to be defined. 
There are a number of large Phase  III trials 
underway to try and answer these questions. In 
addition, with increases in nonsurgical treatment 
options in HER2-overexpressing breast cancer, 
we need to attempt to accurately predict which 
treatment is best for an individual; not only to 
spare that individual from ineffective therapies, 
but also to ensure that healthcare budgets are 
spent effectively. Partnership and co-operation 
between the pharmaceutical industry, academic 
laboratory researchers and clinical trialists on a 
global scale is undoubtedly the key to success.
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Executive summary

Mechanism of action
�� Lapatinib competes with ATP to bind to ATP-binding site within the tyrosine kinase-containing intracellular domain of both epidermal 

growth factor receptor (EGFR) and human epidermal growth factor receptor 2 (HER2), inhibiting receptor phosphorylation.
�� Lapatinib inhibits key cell signaling pathways including the Ras–Raf–MAPK and PI3K/AKT, through inhibition of EGFR and  

HER2 phosphorylation.

Pharmacokinetic properties
�� Daily dosing achieves a steady state within 6–7 days, with a half-life of 24 h.
�� 99% is bound to plasma proteins.
�� Lapatinib is mainly hepatically metabolized via the cytochrome P450 enzymes (CYP3A4, 3A5, 2C8 and 2C19).

Dosage & administration
�� Administered as 250 mg tablets taken on an empty stomach 1 h before or after food.
�� Currently licensed dose is 1250 mg, taken once-daily in combination with capecitabine.

Safety & toxicity
�� Diarrhea and a dry acneiform skin rash are common.
�� Interstitial pneumonitis and hepatic toxicity are rare but life-threatening.
�� Caution is advised in patients with decreased left ventricular ejection fraction.

Clinical efficacy
�� Currently licensed for use in combination with capecitabine in patients with progressive metastatic breast cancer following treatment 

with anthracyclines, taxanes and trastuzumab (EGF100151 trial).
�� Efficacy for HER2-positive inflammatory breast cancer and cerebral metastases from HER2-positive breast cancer (confirmatory  

research required).
�� Efficacy as first-line treatment in combination with paclitaxel for HER2-positive metastatic breast cancer (confirmatory research required). 
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