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Aim: To evaluate efficacy and safety of lapatinib or trastuzumab alone or both plus chemotherapy 

for the treatment of breast cancer patients with positive HER-2 expression.

Methods: Cochrane Central Register of Controlled Trials, PubMed, MEDLINE, OVID, Embase, 

Chinese Biomedical Literature Database, and China Academic Journals Database were searched 

from 1994 through December 2017 using the keywords “breast cancer”, “preoperative”, “neo-

adjuvant”, “lapatinib”, “pertuzumab”, “Herceptin”, and “trastuzumab”.

Results: Meta-analysis found that pathological complete response (PCR; risk ratio [RR]=0.82, 

95% CI: 0.72–0.93) and tall PCR (tPCR; RR=0.77, 95% CI: 0.67–0.88) of chemotherapy 

plus lapatinib were significantly less effective or safe compared to that of chemotherapy plus 

trastuzumab (P,0.05). PCR (RR=1.30, 95% CI: 1.15–1.47) and tPCR (RR=1.32, 95% CI: 

1.16–1.50) of chemotherapy plus both lapatinib and trastuzumab were significantly superior 

to that of chemotherapy plus trastuzumab alone (P,0.05). However, there was no significant 

difference in breast reservation rate between chemotherapy plus lapatinib vs chemotherapy plus 

trastuzumab (RR=0.91, 95% CI: 0.72–1.16) or chemotherapy plus both lapatinib and trastuzumab 

(RR=1.11, 95% CI: 0.73–1.68, P.0.05). Incidence of diarrhea, hepatic toxicity, and skin rash in 

the groups of chemotherapy plus lapatinib or chemotherapy plus both lapatinib and trastuzumab 

was significantly higher than that in chemotherapy plus trastuzumab (P,0.05).

Conclusion: Efficacy of lapatinib was less than that of trastuzumab, but incidence of adverse 

effect of lapatinib was higher than that of trastuzumab. Combination of chemotherapy plus both 

lapatinib and trastuzumab could significantly increase PCR and tPCR in breast cancer patients, 

but rate of breast conservation, event-free survival, and overall survival was not significantly 

improved. Incidence of diarrhea, hepatic toxicity, and skin rash was significantly increased in 

the groups using lapatinib.

Keywords: breast cancer, neoadjuvant, lapatinib, trastuzumab, HER-2-positive

Introduction
Neoadjuvant approach of breast cancer has been endorsed by several groups and experts 

for a wide variety of reasons.1 For instance, neoadjuvant treatment could reverse late 

phase breast cancer that could not be surgically removed into the cancer, which might 

be treated by surgery with increasing rate of breast reservation. It could also increase 

the sensitivity of the tumor to systemic therapy, and thus, it is currently the preferred 

treatment for locally advanced breast cancer.2,3

HER-2 (ErbB2) is a member of the ErbB family of receptors. Overexpression 

of HER-2 in human tumors is closely associated with increased angiogenesis and 

expression of vascular endothelial growth factor.4 It has been reported that 20%–25% 
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of breast cancers were HER-2 positive.5 Trastuzumab is a 

humanized murine monoclonal antibody that inhibits ligand-

independent HER-2 and HER-3 signaling,6 and triggers 

antibody-dependent cellular cytotoxicity.7 Trastuzumab 

has been approved for clinical use in 1998,8 and increasing 

reports of evidence-based medicine indicated that trastu-

zumab is effective in the treatment of breast cancer at various 

stages including early stage and stages II and III breast 

cancer.8–11 Specifically, trastuzumab in combination with 

neoadjuvant chemotherapy followed by adjuvant trastuzumab 

monotherapy has been recommended for the treatment of 

breast cancer patients with positive HER-2 since 2011.12

Lapatinib is a reversible, dual EGFR (HER-1)/HER-2 

tyrosine kinase inhibitor (TKI).13 Lapatinib (with capecit-

abine) has been suggested for the treatment of HER-2-

positive breast cancer patients, whose disease has progressed 

during previous trastuzumab-based therapy.14 This system-

atic review and meta-analysis were, therefore, designed to 

evaluate the outcomes of efficacy and safety for chemo-

therapy plus lapatinib, chemotherapy plus trastuzumab, or 

chemotherapy plus both lapatinib and trastuzumab in the 

treatment of breast cancer.

Methods
Inclusion criteria
Randomized clinical trials (RCT) on breast cancer treatment 

in women at age 18 or older, with histologically proven 

stages I, II, III or inflammatory breast cancer. Patients with 

positive HER-2 expression were determined by immunohis-

tochemistry or fluorescence in situ hybridization; patients 

with adequate cardiac function had baseline left ventricular 

ejection fraction of 50%.

Intervention methods
Control group: chemotherapy plus trastuzumab. Study 

groups: chemotherapy plus lapatinib or chemotherapy plus 

lapatinib and trastuzumab.

End points of the study
Pathological complete response (PCR) is defined as absence 

of invasive tumor cells in the breast. Tall PCR (tPCR) is 

defined as no invasive cancer in the breast and no pathological 

involvement axillary lymph node, which was analyzed based 

on hormone receptor (HR) status. Adverse events with 

III–IV grade include nausea, vomiting, diarrhea, hepatic 

toxicity, left ventricular ejection fraction (LVEF) decline, 

skin rash, and fatigue. The adverse effects were evaluated 

following the National Cancer Institute’s Common Termi-

nology Criteria for Adverse Events.

Literature searching strategy
The following databases were searched: Cochrane Central 

Register of Controlled Trials, PubMed, MEDLINE, OVID, 

Embase, Chinese Biomedical Literature Database, and China 

Academic Journals Database. The following keywords were 

used to search the literature from 1994 through January 2017: 

“breast cancer”, “preoperative”, “neoadjuvant”, “lapatinib”, 

“pertuzumab”, “Herceptin”, and “trastuzumab”.

Data extraction
All authors had been trained to understand purpose of 

systematic review and know the methods of meta-analysis. 

Two authors (Fu-Gang Zhao and Chang-Peng Zou) were 

primarily responsible to read through all titles and abstracts 

in order to exclude nonrelated literature. Full text was then 

obtained and selected for further data extraction. The fol-

lowing information was extracted: 1) general information: 

title, first author, country, language, funding, and extractor; 

2) patient’s information: age, gender, intervention reagents 

and protocol, dose of medication, duration of therapy, and 

follow-up; and 3) clinical outcomes.

Evaluation on the quality of the studies
This was performed following the Quality Evaluation Criteria 

recommended by Cochrane Manual, version 5.3. Specifi-

cally, quality of the studies was evaluated in the following 

six aspects: randomization, hidden assignment, blind study, 

data integrity, bias in data collection, and other potential 

bias. If a study met all of aforementioned criteria, it was at 

low risk of bias, and in contrast, if a study did not meet the 

criteria, it was considered as high risk of bias. If a study lacks 

of detail description, or unknown risk, or the relationship 

with the study was unclear, it indicated moderate risk. Data 

quality was assessed by two researchers (Yong-Qian Zhang 

and Ying-Chun Zhao). If there was a discrepancy, a third 

researcher (Li Na) did further assessment.

Statistical analysis
A statistical analysis software provided by Cochrane 

(Revman5.3) was used to perform statistical analysis. The 

data quality, analysis on the combined data, survival rate 

(event-free survival [EFS] and overall survival [OS]), hazard 

risk, relative risk, and its 95% CI were analyzed by using 

this software. A fixed effect model was applied when no 
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heterogeneity was observed among the studies. Alternatively, 

a random effect model was applied if the heterogeneity 

between studies was P,0.10 and I2.50%, which was con-

sidered as heterogeneous between the studies

Results
Study selection and trial information
As shown in Figure 1, based on the searching strategy, total 

149 published studies were retrieved. Of them, 25 publi-

cations were in Chinese and 124 were in English. After 

excluding repeated publication and non-RCT studies, total 

ten studies were included in this systematic review and 

meta-analysis.15–24 Three the ten studies were NeoALTTO 

results.16,17,25 As shown in Table 1, first author’s name, stage, 

study groups, chemotherapy regimen, number of cases, dura-

tion of anti-HER-2 treatment, and outcomes of the treatment 

were included in the table.

Assessment on risk of bias
All studies included in this review were multicenter and 

controlled clinical studies. Double blind was applied 

in assessing the results of the NeoALTTO study and 

GeparQuinto study.16–18,25 In the NeoALTTO study, only 

one paper25 was used for assessing the bias. There was 

report of drop-out in all of the studies and thus, intention-

ality analysis was performed. Randomization in grouping 

was used in all studies, and baseline balance was ensured 

in order to have comparability between the groups. In the 

CALGB 40601 study, group of chemotherapy plus lapa-

tinib was closed earlier than expected.19 Assessment on 

the risk of bias outcome of each study was summarized in 

Figures 2 and 3.

Meta-analysis results on patients’ 
PCR and tPCR in breast and axillary 
lymph nodes
Six of the ten studies compared the effect of chemotherapy 

plus lapatinib and chemotherapy plus trastuzumab on 

patients’ PCR,18–22,25 while eight out of the ten studies com-

pared the effect of the two treatments on patients’ tPCR.18–25 

It was found that chemotherapy plus trastuzumab on PCR 

(RR=0.82, 95% CI: 0.72–0.93) and tPCR (RR=0.77, 95% CI: 

0.67–0.88) were superior to chemotherapy plus lapatinib on 

PCR (RR=1.30, 95% CI: 1.15–1.47, Figure 4) and tPCR 

(RR=1.32, 95% CI: 1.16–1.50, Figure 4).

Three studies analyzed effect of the treatment on PCR 

based on HER-2 positivity.22,23,25 Effect of chemotherapy plus 

trastuzumab (RR=0.69, 95% CI: 0.54–0.89), chemotherapy 

plus lapatinib (RR=0.68, 95% CI: 0.53–0.87) or chemo-

therapy plus trastuzumab and lapatinib (RR=0.71, 95% CI: 

0.59–0.85) on PCR was significantly better for the patients 

with negative HR expression than that for the patients with 

positive HR expression (Figure 5).

Meta-analysis results on patients’ breast 
conservation rate
Four studies analyzed the effect of the treatment on breast-

conserving rate (BCS).17,18,20,23 The effect of chemotherapy 

plus lapatinib (RR=0.91, 95% CI: 0.72–1.16) or chemo-

therapy plus lapatinib and trastuzumab (RR=1.11, 95% CI: 

0.73–1.68) was not significantly different from that of che-

motherapy plus trastuzumab (Figure 6).

Meta-analysis results on patients’ EFS and 
OS rates
One study reported the outcomes of the treatment on EFS and 

OS rates.16 EFS rate was not significantly different between 

the groups of chemotherapy plus lapatinib and chemotherapy 

Records identified through
database searching

(n=145)

Full-text articles assessed,
for eligibility

(n=11)

Records excluded after
reading the abstract

(n=106)

Full-text articles excluded,
with reasons

(n=12)

One article was excluded,
due to incomplete data

collection
(n=1)

Studies included in the
meta-analysis

(n=10)

Records screened
(n=39)

Figure 1 Flow chart of database search and literature selection.
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plus trastuzumab (HR=1.06, 95% CI: 0.66–1.69, Figure 7), 

or between the groups of chemotherapy plus lapatinib plus 

trastuzumab and chemotherapy plus trastuzumab alone 

(HR=0.78, 95% CI: 0.47–1.28, Figure 7).

Similarly, OS rate was not significantly different between 

the patients treated with lapatinib plus chemotherapy and tras-

tuzumab plus chemotherapy (HR=0.86, 95% CI: 0.45–1.63, 

Figure 7) or compared with the patients treated with chemo-

therapy plus trastuzumab and trastuzumab alone (HR=0.62, 

95% CI: 0.30–1.25, Figure 7).

Meta-analysis results on adverse effect
Toxicity of the treatment was analyzed by comparing III–IV 

grade toxicity. Nausea18,21,22 was not significantly different in 

the groups of chemotherapy plus lapatinib (RR=0.98, 95% CI: 

0.51–1.88) or chemotherapy plus lapatinib plus trastuzumab 

(RR=0.81, 95% CI: 0.20–3.25) compared with the group of 

chemotherapy plus trastuzumab (Figure 7).21,22

Similarly, there were no significant differences between 

the groups in vomiting, LVEF decline or fatigue. Vomiting: 

RR=1.32, 95% CI: 0.58–2.97 in comparison of chemo-

therapy plus lapatinib vs chemotherapy plus trastuzumab;21,22 

RR=2.18, 95% CI: 0.72–6.59 in comparison of chemotherapy 

plus lapatinib plus trastuzumab vs chemotherapy plus tras-

tuzumab. LVEF decline: RR=0.25, 95% CI: 0.03–2.22 in 

comparison of chemotherapy plus lapatinib vs chemotherapy 

plus trastuzumab.18,23 Fatigue: RR=1.26, 95% CI: 0.85–1.88 

in comparison of chemotherapy plus lapatinib18,20–23 vs 

chemotherapy plus trastuzumab;21–23 RR=0.84, 95% CI: 

0.40–1.76 in comparison of chemotherapy plus lapatinib 

plus trastuzumab vs chemotherapy plus trastuzumab.

However, diarrhea was significantly different between 

the groups of chemotherapy plus lapatinib18–20,23,25 or che-

motherapy plus lapatinib plus trastuzumab compared to che-

motherapy plus trastuzumab (RR=6.27, 95% CI: 3.82–10.28; 

RR=8.70, 95% CI: 4.45–17.01, respectively).19,21,23,25

Similarly, hepatic toxicity and skin rash were also 

significantly different. Hepatic toxicity: RR=2.03, 95% 

CI: 1.24–3.31 in comparison of chemotherapy plus 

Figure 2 Risk of bias graph.
Note: Review of the authors’ judgments about each risk of bias item was presented as percentages across all included studies.

Figure 3 Risk of bias summary.
Note: Review of the authors’ judgments about each risk of bias item for each 
literature was summarized.
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lapatinib19–23,25 vs chemotherapy plus trastuzumab;19,21–23,25 

RR=2.06, 95% CI: 1.19–3.54 in comparison of chemother-

apy plus lapatinib plus trastuzumab vs chemotherapy plus 

trastuzumab. Skin rash: RR=6.27, 95% CI: 3.84–10.28 in 

comparison of chemotherapy plus lapatinib18,19,22 vs chemo-

therapy plus trastuzumab;19,22 RR=8.70, 95% CI: 4.45–17.01 

in comparison of chemotherapy plus lapatinib plus trastu-

zumab vs chemotherapy plus trastuzumab.

Figure 4 (Continued)
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Discussion
In order to improve PCR rate and breast conservation rate by 

targeted and best combination of the HER-2 antagonists and 

chemotherapy, the current study performed systematic review 

and meta-analysis on the clinical trials of breast cancer treat-

ment with lapatinib and/or trastuzumab plus chemotherapy. 

We found that chemotherapy plus trastuzumab is the best 

choice for the treatment of HER-2-positive breast adenocar-

cinoma. Specifically, we found that PCR and tPCR rates in 

the lapatinib group were lower than that in the trastuzumab 

group although breast conservation rate, 3-year EFS, and OS 

rates were not significantly different between the two groups. 

In addition, incidences of diarrhea, skin rash, and liver func-

tion damage were higher in the patients treated with lapatinib. 

χ

χ

χ

χ

Figure 5 Forest plot by HER-2-positive (HR+) vs HER-2-negative (HR-).
Abbreviation: HR, hormone receptor.

Figure 4 Forest plot for PCR and tPCR. 
Notes: (A) CT+L vs CT+H for PCR. (B) CT+L vs CT+H for tPCR. (C) CT+HL vs CT+H for PCR. (D) CT+HL vs CT+H for tPCR.
Abbreviations: PCR, pathological complete response; tPCR, tall pathological complete response.
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χ

χ

χ

Figure 6 Forest plot for BCS comparison.
Abbreviation: BCS, breast-conserving rate.

Lower PCR rates in the lapatinib group might be explained by 

a lower capability of the TKI, lapatinib, to block the HER-2 

pathway compared to that by the antibody, trastuzumab.18 

In contrast, trastuzumab may have additional antitumor 

effect by inducing an immune response via antibody-derived 

cellular cytotoxicity.7,18

Dual targeting on the HER-2-positive tumors by lapa-

tinib and trastuzumab through their partially nonoverlapping 

mechanisms of action and the well-characterized synergistic 

interaction between them in the HER-2-positive breast 

cancer models have been reported.26–28 Specifically, lapatinib 

leads to an accumulation of HER-2 at the cell surface, and 

by which mechanism, it enhances trastuzumab-dependent 

(antibody-dependent) cellular cytotoxicity,29 and thus, dual 

HER-2-targeted therapies have been shown to improve 

outcomes for patients with HER-2-positive metastatic breast 

cancer.15,30 Consistently, the current systematic review and 

meta-analysis demonstrated that higher PCR was observed 

in the group of lapatinib plus trastuzumab in addition to the 

chemotherapy although breast conservation rate was not 

significantly improved. The neoadjuvant (TECHNO) study 

reported that chemotherapy plus trastuzumab resulted in sig-

nificantly higher survival rate in PCR group compared to that 

of non-PCR group.31 Consistent with this report, the current 

meta-analysis revealed that combination of trastuzumab 

and lapatinib also resulted in higher survival rate in PCR 

group compared to the non-PCR group (HR=0.32, 95% CI: 

0.12–0.74, P=0.012). However, OS rates in the three groups 

(chemotherapy plus lapatinib or trastuzumab or both) were not 

significantly different although targeted therapy could slightly 

increase PCR rate. Because usage of double targeted drugs in 

the developing countries means higher cost, we expect positive 

outcomes from the NSABP protocol B-41 in the comparisons 

of 5-year recurrence and OS among the treatment groups.22

Recently, studies on another set of dual targeting reagents 

on HER-2-positive tumors, that is, pertuzumab in combina-

tion with trastuzumab have been reported. Since trastuzumab 

is an antibody that targets subdomain IV in the extracellular 

region of HER-2,32 and pertuzumab is an antibody that 

targets the dimerization arm located in subdomain II of the 

extracellular region of HER-2,33 addition of pertuzumab to 

the regimen of trastuzumab and chemotherapy may provide 

an improvement in survival of HER-2-positive tumors. 

Results of clinical trials, however, indicated that outcomes 

of the combination may depend on the cell types of tumors. 

In this regard, von Minckwitz et al reported that addition of 

pertuzumab to a trastuzumab-containing adjuvant regimen 

moderately improved disease-free survival in women with 

breast cancer who were in poorest prognosis,34 and Murthy et 

al reported that trastuzumab and pertuzumab-containing che-

motherapy regimen yielded higher PCR rates in stage II–III 

HER-2-positive breast cancer patients compared to that trastu-

zumab plus chemotherapy regimen.35 In contrast, Tabernero 

et al reported that addition of pertuzumab to trastuzumab and 

chemotherapy did not significantly improve OS in patients 

with HER-2-positive metastatic gastric or gastroesophageal 

junction cancer compared with placebo.36 These findings 

suggested that studies on dual targeting on HER-2-positive 

tumors with pertuzumab and trastuzumab remains further 

investigated in different types of primary tumors.
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Figure 7 (Continued)
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Figure 7 Forest plot for adverse effects comparison. 
Notes: (A) Nausea and vomiting. (B) Diarrhea and hepatic toxicity. (C) Skin rash and fatigue. (D) LVEF comparison.
Abbreviation: LVEF, left ventricular ejection fraction.

Subgroup analysis indicated that hormone-receptor-

negative tumor had the greatest PCR. NeoALTTO study25 

demonstrated that hormone-receptor-negative patients, 

who received combination of the targeted reagents, had the 

best outcome of 3-year EFS rate (86%, 95% CI: 75–92). 

Similarly, CTNeoBC study21 also demonstrated that the 

most favorable outcomes after PCR were recorded in HER-

2-positive, HR-negative patients who received trastuzumab 

(EFS: HR=0.15, 95% CI: 0.09–0.27; OS: HR=0.08, 95% 

CI: 0.03–0.22). These findings suggested that negative 

expression of hormone-receptor may predict promising 

outcomes.

The current analysis also found that application of lapa-

tinib alone or in combination with trastuzumab resulted in 

more toxic side effects including diarrhea, skin rash, and liver 

function impairment, suggesting lapatinib may be associated 

with those toxic side effects. Due to 40% of toxic side effects 

in the combination group (double HER-2 blockade usage) 

in the NeoALTTO and NSABP protocol B-41 trials, neoad-

juvant protocol therapy was discontinued in these trials.22,25

Conclusion
Taken together, the current meta-analysis revealed that 

lapatinib caused higher occurrence rate of side effects, but 
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lower rate of PCR and breast conservation in comparison to 

trastuzumab. When lapatinib was used in combination with 

trastuzumab, neither OS rate nor breast conservation rate 

was improved, although the combination did increase PCR 

or tPCR rate. These findings indicated that lapatinib is not 

recommended as single anti-HER-2-treatment in combination 

with chemotherapy and that combination of lapatinib with 

trastuzumab was not superior to that of trastuzumab alone.
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