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oclonal antibodies against the extracellular domain of the HER2 

protein were found to inhibit the proliferation of human cancer 

cells that overexpress HER2 [3]. Trastuzumab was the first anti-

HER2 targeted agent found to increase PFS and OS among patients 

with metastatic disease. However, approximately 70% of patients 

become resistant to trastuzumab within a year [4]. There is no es-

tablished biomarker to predict individuals who will becomes resist-

ant. This led to the development of new anti-HER2 agents: lapat-

inib, pertuzumab and trastuzumab emtansine (T-DM1). Each of 

these drugs showed efficacy in different settings with longer sur-

vival in HER2-positive metastatic breast cancer (MBC), which 

raises the question of toxicity. Cardiac toxicity represents the major 

limiting factor. The aim of this review was to report the efficacy 

and safety profile of different anti-HER2 targeted therapies availa-

ble for MBC.

Methods

We searched for clinical trials published in PubMed, Medline, Cancerlit, 

Embase, Ovid online, Wiley online and Cochrane relevant to our review. Arti-

cles, abstracts and review articles were identified and reviewed. The reference 

lists from these sources were searched for additional trials. Only studies fully 

published in peer-reviewed journals were considered.

Results

Trastuzumab

Trastuzumab is a monoclonal IgG1 antibody against the human 

epidermal growth factor. It has shown efficacy in all lines as a sin-

gle agent or in combination with chemotherapy, endocrine therapy 

or other anti-HER2 drugs. The first phase III clinical trial demon-

strated an improvement in PFS (7.4 vs. 4.6 months; p < 0.001) and 
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Summary

Human epidermal growth factor receptor-2 (HER2) is am-

plified in 25–30% of breast cancers and is associated 

with aggressive disease and poorer survival. Multiple 

anti-HER2 targeted therapies have dramatically changed 

management and outcome of this subgroup, both in ad-

juvant and metastatic settings. Despite the improvement 

of survival thanks to trastuzumab, unclear mechanisms 

of resistance occur, which has led to the development of 

new anti-HER2 therapies such as lapatinib, pertuzumab, 

and trastuzumab emtansine (T-DM1). The optimal se-

quence of the available drugs is still not well established. 

All this progress raises the question of toxicity that need 

to be managed, especially with longer survival of pa-

tients. In this article, we review different anti-HER2 thera-

pies used in HER2-positive m etastatic breast cancer. 

© 2016 S. Karger GmbH, Freiburg

Introduction

Breast cancer accounts for 25% of all cancers worldwide with 

more than 1 million new cases diagnosed each year, 5% being met-

astatic at presentation [1]. Analysis of signaling pathways led to the 

identification a human epidermal growth factor receptor-2 (HER2) 

overexpression subgroup, accounting for 15–20% of cases [2]. This 

overexpression is an adverse prognostic indicator of progression-

free survival (PFS) and overall survival (OS). Several murine mon-
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OS (25.1 vs. 20.3  months; p  =  0.01) [5]. Several chemotherapy 

drugs were tested in combination with trastuzumab: taxanes [6], 

capecitabine [7], vinorelbine [8] and gemcitabine [9] with few 

studies comparing those drugs head to head. Weekly paclitaxel is 

the most commonly used regimen, showing a high efficacy and low 

toxicity [10]. Recently, the HERNATA randomized clinical trial 

(RCT) compared the combination trastuzumab-docetaxel versus 

trastuzumab-vinorelbine in first line. No difference was seen in 

terms of PFS and OS; however, lower grade 3/4 hematological tox-

icity was seen in the vinorelbine arm (36.0% vs. 10.1%) [11]. Con-

comitant administration of trastuzumab and chemotherapy was 

superior to sequential schedule in terms of response rate (RR), PFS 

and OS in 3 RCTs [12]. 

As yet, no best endocrine therapy combination has been estab-

lished. The TAnDEM study was the first RCT to demonstrate an 

improvement in PFS (4.8 vs. 2.4 months, p < 0.001) favoring the 

combination anastrozole-trastuzumab with a trend to a nonsignifi-

cant OS improvement [13]. The eLEcTRA trial showed that the 

combination of letrozole and trastuzumab is a safe and effective 

treatment option [14]. Several conflicting data suggest a complex 

cross-talk between HER-2 and the estrogen receptor, and it has 

been hypothesized that HER-2-positive tumors may be less respon-

sive to certain endocrine treatments. A possible explanation for 

those results may be a relative resistance to endocrine therapy 

under an HER2 blockade [15]. Trastuzumab monotherapy is a fea-

sible strategy in oligometastatic patients, with RRs ranging from 15 

to 26% and a reported median time to treatment failure of 

9 months [16]. Optimal treatment duration is still unclear. In the 

absence of evidence-based data, stopping chemotherapy and con-

tinuing trastuzumab alone until disease progression, is a reasona-

ble option in patients showing maximum objective response or 

unacceptable toxicity. Beyond progression, trastuzumab with sec-

ond-line capecitabine showed a better objective RR (27 vs. 48%) 

and PFS (5.6 vs. 8.2 months, p = 0.0338) than capecitabine alone 

[17].

Cardiac toxicity remains the major concern with trastuzumab. 

Reduction in left ventricular ejection fraction is reversible and is 

not dose dependent [18]. It is observed in 27% of cases when used 

with anthracyclines, 13% with paclitaxel and in 3–7% when used 

alone [19]. HER2 signaling pathway blockade is responsible for 

cardiomyocyte growth, repair and survival alterations [20]. A pro-

posed cardiotoxicity mechanism is loss of HER2-mediated signal-

ing, which results in reduced ability of the heart to respond to 

stress [21]. Underlying cardiac risk factors are also believed to be 

important factors that may influence the expression of cardiac in-

jury. However, such a mechanism is still under investigation. Syn-

chronous toxicity with anthracycline-induced cardiac toxicity has 

led to this combination not being recommended. A recently pub-

lished meta-analysis demonstrated that concomitant administra-

tion was moderately associated with increased risk of cardiac-re-

lated adverse events (RR = 1.97, 95% confidence interval (CI) 1.49–

2.60, p < 0.001) [22].Other minor toxicities such as allergic reac-

tions and pneumopathy have been reported [23]. Overall, 

trastuzumab is considered a well-tolerated treatment.

Lapatinib

Lapatinib is an orally available small molecule that inhibits the 

tyrosine kinases of HER2 and epidermal growth factor receptor 

type 1. 2 pilot studies have shown efficacy of lapatinib-capecitabine 

in MBC: Geyer et al. in 2006 [24] and Cameron et al. in 2008 [25]. 

Lapatinib and 3-weekly paclitaxel as first-line therapy resulted in 

an improvement of PFS (36.4 vs. 25.1 weeks, p = 0.005), compared 

to paclitaxel alone [26]. However, lapatinib is not recommended as 

first-line therapy. The combination of lapatinib-weekly paclitaxel 

was evaluated in a phase II study, showing an RR of 77% during a 

median of 42.3 weeks [27]. No OS benefit was reported. The toxic-

ity profile was similar in weekly and 3-weekly regimens except for 

neutropenia, which was seen more frequent in the weekly regimen 

(44 vs. 26%) for all grades, but similar in grade 3 or 4 (26 vs. 21%). 

A letrozole and lapatinib combination was tested in the first-line 

setting with a significant improvement in PFS and RR, with clinical 

benefit lasting more than 6 months [28].

Few data are as yet available about the management of anti-

HER2 therapies beyond progression on lapatinib and trastuzumab. 

In a retrospective study of 69 cases, retreatment with trastuzumab 

resulted in an RR of 31%, median time of response of 8 months and 

a clinical benefit of 47% [29]. 

Lapatinib activity on brain metastases is a subject of contro-

versy, experimental data showed that lapatinib can overcome the 

blood-brain barrier and is active on brain lesions [30]. No phase III 

data about lapatinib and brain metastases are available. The CER-

EBEL study compared the impact of trastuzumab-capecitabine ver-

sus lapatinib-capecitabine on the incidence of brain metastases as 

first relapse site [31]. An interim analysis reported a low number of 

brain metastases events, with no difference in the incidence ob-

served in between the 2 groups. The reason for this observation 

may be the screening magnetic resonance imaging required upon 

study inclusion. The major toxicity concern for lapatinib is diar-

rhea, which has been reported in 50–85% of patients; in lower in-

tensity, skin rash, nausea and pruritus are seen [32]. In a pooled 

analysis, grade 3–4 diarrhea was observed in 6% of cases with mon-

otherapy, in 14% of cases when combined to capecitabine, and in 

9% of cases when combined to taxanes [33]. In cases of moderate 

to severe diarrhea, or complicating features such as severe cramp-

ing, severe nausea and vomiting, fever or dehydration, lapatinib 

treatment should be stopped, and hospitalization with octreotide 

and/or antibiotics therapy may be needed [34]. No correlation be-

tween skin reactions and response was reported. Reported inci-

dence of cardiac toxicity was 1.6% (grade 3–4 defined as cardiac 

events or left ventricular ejection fraction reduction more than 

20%) [35].

Lapatinib-Trastuzumab

Dual blockade can be a substantial advance for patients with 

HER2-positive MBC. Lapatinib dual kinase inhibition directed 

against EGFR and HER2 kinases combined with HER2 inhibition 
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through trastuzumab showed significantly enhanced activity in 

breast cancer cells. This may be explained by synergistic activity 

with HER2 receptor increased phosphorylation [36]. The 

EGF104900 trial compared the combination of trastuzumab-lapat-

inib against lapatinib alone in patients who had progressed on tras-

tuzumab, and reported longer PFS (11.1 vs. 8.1 weeks, p = 0.011) 

and OS (14 vs. 9.5 months, p = 0.026) for the combination [37]. 

Toxicity was well balanced between both arms except for all grades 

of diarrhea (60 vs. 40%); grade 3 or higher was similar in both arms 

(7%). Cardiac toxicity was low in both arms (5.4 vs. 2.1%). In an-

other trial, results showed significantly improved PFS and clinical 

benefit rate for the combination therapy; RR and OS were similar 

in both arms [38] (table 1).

Pertuzumab

Pertuzumab is a humanized monoclonal antibody that binds 

HER2 at a different epitope of the HER2 extracellular domain (sub 

domain II). Pertuzumab prevents HER2 from dimerizing with 

other ligand-activated HER receptors, most notably HER3, this 

synergic action results in an improvement of anti-tumor activity. 

Pertuzumab as monotherapy or in combination with chemother-

apy was not effective in a phase I/II clinical trial [39]. The Cleopatra 

study randomized patients, in a first-line setting (90% being trastu-

zumab naïve), between trastuzumab-pertuzumab-docetaxel and 

trastuzumab-docetaxel-placebo [40]. The results showed an im-

provement in PFS (median 18.5 vs. 12.4 months, p < 0.001) and OS 

(median 56.5 vs. 40.8 months). The adverse-events profile during 

the treatment period was balanced between the 2 groups, with an 

increase by 2% in the incidence of grade 3 or higher febrile neutro-

penia (13.8 vs. 7.8%). This was mainly observed in patients from 

Asia (26 vs. 12%). Diarrhea (66.8 vs. 46.3%) and skin rash (33.7 vs. 

24.2%) were reported in the Pertuzumab group. This combination 

became a standard of care in first-line MBC. The PHEREXA study 

is an ongoing phase II trial testing pertuzumab in combination 

with capecitabine, in second line, in patients who progressed on 

trastuzumab [41]. 

Trastuzumab Emtansine (TDM-1)

T-DM1 is an antibody drug conjugate that incorporates the 

HER2-targeted anti-tumor properties of trastuzumab with the cy-

totoxic activity of the microtubule-inhibitory agent DM1 (deriva-

tive of maytansine). T-DM1 allows intracellular drug delivery, 

thereby improving the therapeutic index and minimizing exposure 

of normal tissue. The EMILA trial comparing TDM1 and lapat-

inib-capecitabine showed an improvement of PFS (9.6 vs. 

6.4 months, p < 0.001) and OS (30.9 vs. 25.1 months, p < 0.001) 

[41]. The MARIANNE trial demonstrated no inferiority in PFS be-

tween the TDM-1-containing regimen and trastuzumab-taxanes 

combination in further lines. Mature results are needed to make 

any conclusions [42]. The most common toxicities of T-DM1 in 

the EMILIA study were thrombocytopenia (12.9%), and elevated 

serum concentrations of aspartate aminotransferase (4.3%) and 

alanine aminotransferase (2.9%). T-DM1 markedly inhibits mega-

karyocyte differentiation via a cytotoxic effect of DM1, with no di-

rect effect on platelet activation or aggregation [43]. In the EMILIA 

study, cardiac toxicity was low; 8 patients (1.7%) and 7 patients 

(1.6%) in the TDM1 and lapatinib-capecitabine arms, respectively, 

had an ejection fraction that was less than 50% and at least 15 per-

centage points below the baseline value.

Other Combinations

Bevacizumab

HER2 overexpression is associated with upregulation of vascu-

lar endothelial growth factor (VEGF), which lead to the rationale 

Table 1. Pilot studies of trastuzumab and lapatinib in MBC

Trial n Arms Setting Overall response  

rate, %

PFS, months OS, months

Slamon et al. [5] 234 trastuzumab + chemotherapy vs. 

chemotherapy

first line 50 vs. 32* 7.4 vs. 4.6* 25.1 vs. 20*

von Minckwitz et al.  

[17]

156 trastuzumab+capecitabine vs. 

capecitabine

beyond first line 48.1 vs. 27 8.2 vs. 5.6 25.5 vs. 20.4

Kaufman et al. [13] 207 anastrozole +trastuzumab vs.  

anastrozole

any line 20 vs. *7 4.8 vs. 2.4 * 28.5 vs. 23.9 

Huober et al. [14]  92 letrozole +trastuzumab vs. letrozole any line 27 vs. 13* 14.1 vs. 3.3 na

Di Leo et al [26] 579 lapatinib+ paclitaxel vs. paclitaxel first line 63 vs. 38* 8.5 vs. 5.8* 24.0 vs. 19.8*

Cameron et al. [25] 399 lapatinib capecitabine vs. capecit-

abine 

second line 32 vs. 17 5.5 vs. 4.2* 15.6 vs. 15.3

Blackwell et al. [37] 296 trastuzumab+lapatinib vs. lapatinib after trastuzumab  

progression

10.3  vs. 6.9 * 12 vs.  

8.1 weeks *

51.6 vs. 

39 weeks 

Johnston et al. [28]  44 letrozole + lapatinib vs. letrozole first line 28 vs. 15* 8.2 vs. 3.0* 33.3 vs. 32.2

MBC = metastatic breast cancer, PFS = progression-free survival, OS = overall survival, na = not available.

*Statistically significant with p < 0.05.
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behind a possible synergic activity of anti-HER2 therapy and anti-

VEGF therapy. The AVEREL study evaluated the addition of bev-

acizumab to trastuzumab-docetaxel in first-line setting in 424 

MBC patients but could not show PFS improvement; there was, 

however, an increased grade 3/4 febrile neutropenia and hyper-

tension [44]. The combination lapatinib-bevacizumab was tested 

in a phase II study, which found an objective RR of 13%, a clinical 

benefit beyond 24 weeks in 34% of cases, and a PFS at 12 weeks of 

63% [45]. 

Everolimus

Everolimus is an orally administered inhibitor of the mamma-

lian target of rapamycin (mTOR). The BOLERO-3 study ran-

domized patients with HER2-positive, trastuzumab-resistant, ad-

vanced breast cancer to everolimus-trastuzumab-vinorelbine or 

placebo-trastuzumab-vinorelbine. Results showed that the addi-

tion of everolimus significantly prolonged PFS (7 vs. 5.8 months, 

p = 0.006) [46]. The most common grade 3/4 adverse events were 

neutropenia (73 vs. 62%), leucopenia (38 vs. 29%), anemia (19 vs. 

6%) and febrile neutropenia (16 vs. 4%). In the first-line setting, the 

recently presented BOLERO-1 trial did not show an improvement 

in PFS with the addition of everolimus to trastuzumab-paclitaxel 

(14.95 vs. 14.49 months, 95% CI 14  ·  55–17  ·  91), except for the sub-

group with negative hormone receptor status (20.27 vs. 

13.08 months, p = 0.0049) [47].

Perspective Combinations

Neratinib is a potent, low-molecular-weight, orally adminis-

tered, irreversible, pan-ErbR receptor tyrosine kinase inhibitor. 

Phase II studies assessed the safety and preliminary efficacy of the 

combination of neratinib plus trastuzumab [48] and paclitaxel 

[49], showing clinical activity (overall RR 27%) and no significant 

toxicities.

Afatinib is a novel, potent, small-molecule tyrosine kinase in-

hibitor that irreversibly and selectively targets the HER2 receptors 

family. Several phase II studies designed to assess the efficacy and 

safety of afatinib in patients with HER2-positive MBC after failure 

of treatment with trastuzumab demonstrated a clinical activity 

with median PFS of 15.1 weeks and median OS of 61.0 weeks [50]. 

It also showed clinical activity when combined with vinorelbine.

Recommendations and Sequence of Drug Use

After the approval of these multiple anti-HER2 agents, new 

questions appeared mainly concerning the optimal sequence. 

There is now an urgent need for phase III randomized clinical tri-

als addressing this particular question. European (ESMO) and 

American (NCCN) recommendations propose different options in 

different settings according to the available data [51, 52]. Anti-

HER2 therapy should be the treatment of choice in all patients with 

HER2-positive MBC. Combination with endocrine therapy or 

chemotherapy depends on hormone receptor status, endocrine 

sensitivity and clinical presentation. If endocrine therapy is consid-

ered, the addition of trastuzumab improves PFS without improv-

ing OS. If chemotherapy is considered, the preferred first-line ther-

apy is trastuzumab-pertuzumab-taxane. Tratuzumab should be 

continued until progression (optimal duration is still unknown). 

After disease progression, several options are available. There are 

no data supporting the continuation of pertuzumab. Maintaining 

HER2 pathway suppression with trastuzumab continuation, lapat-

inib introduction or combining lapatinib with trastuzumab im-

proved the course of the disease. If not used in first line, pertu-

zumab-trastuzumab chemotherapy can be used. The introduction 

of T-DM1 should be the treatment of choice after trastuzumab 

progression. T-DM1 is also the treatment of choice beyond second 

line. Country available therapies, contraindications and toxicities 

should be considered when indicating a treatment strategy. 

Conclusions

The prognosis for HER2-overexpressing MBC has now im-

proved thanks mainly to HER2 pathway inhibition using several 

agents. Translational studies trying to elucidate the different mech-

anisms of resistance may lead to clinically relevant therapies.
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