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Abstract: In the absence of treatment, overexpression of the human epidermal growth factor 

receptor 2 (HER2) predicts a poor prognosis in breast cancer. In the last decade, monoclonal 

antibodies and small molecule tyrosine kinase inhibitors have significantly improved the outcome 

of HER2-positive breast cancer patients. However, tumor resistance and toxicities often limit 

the use of these therapies. For this reason, there is a compelling need for further investigation 

of new targeted therapies, such as afatinib, an oral irreversible pan inhibitor of the epidermal 

growth factor receptor (EGFR) family. This compound covalently interacts with tyrosine 

kinase domains, which are deeply involved in signal transduction leading to cell proliferation 

and protection from apoptosis. Afatinib has been studied in several Phase I clinical trials in 

advanced solid tumors. These trials have shown encouraging clinical activity and manageable 

side effects when afatinib is used either as a single agent or in combination with chemotherapy, 

with cutaneous adverse events and diarrhea being the most frequently observed toxicities. This 

review will focus on afatinib’s clinical activity and will discuss ongoing clinical studies in 

HER2-positive breast cancer patients. In the scenario of the different HER2-targeted therapies, 

it will be important to define the best specific clinical and “molecular” setting for afatinib use, 

trying to identify predictors of resistance and response. Moreover, afatinib, which has the 

ability to cross the blood–brain barrier, could play a role in patients with brain metastases from 

breast cancer.

Keywords: afatinib, brain metastasis, human epidermal growth factor receptor 2, metastatic 
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Introduction
The epidermal growth factor receptor (EGFR) family represents a complex biological 

network. Each of the four members form both homo- and heterodimers within the EGFR-

family and with other biological systems such as insulin-like growth factor 1 receptor, 

the estrogen receptor (ER), and the angiogenic pathway. EGFR family members can react 

to and circumvent different perturbations and blockades induced by targeted therapies, 

maintaining therefore potent proliferative and antiapoptotic intracellular signals. These 

adaptive mechanisms contribute significantly to the phenomenon of drug resistance. 

Emerging clinical data indicate that, although progressing on HER2 inhibitors. Breast 

cancer can persistently depend on HER2-dependent signaling pathways HER2-

dependent signaling pathways and, consequently a continuous HER2 inhibition remains 

the backbone of treatment in patients through different lines of treatment1,2 (Figure 1). 

For example, there is evidence that other anti-HER2 therapies (such as lapatinib, the 

monoclonal antibody pertuzumab, the antibody–drug conjugate trastuzumab DM1, 
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Figure 1 HER family receptors and some therapeutic agents available or in development.
Notes: HER2 forms homo- and heterodimers with other members of the EGFR family (HER1, HER3 and HER4). Dimerization activates multiple downstream signaling 
cascades including the mitogen-activated protein kinase (MAPK) and phosphoinositide 3-kinase (PI3K) pathways which promote cellular proliferation, survival, migration and 
invasion. Trastuzumab represents the first milestone of drugs targeting HER2 as individual receptor. Dual-targeting agents include monoclonal antibodies (Pertuzumab and 
TDM-1) and small molecule tyrosine kinase inhibitors (Lapatinib, Neratinib, Afatinib).

the oral irreversible dual EGFR inhibitor neratinib but also 

the combination trastuzumab–lapatinib) are still active beyond 

progression on a first-line anti-HER2 treatment.3–7

These reasons outline the compelling need for the 

investigation and development of new anti-HER2-targeted 

therapies and compounds that could be used for continuous 

HER2 inhibition.

This review will focus on afatinib, another oral irreversible 

multitarget inhibitor of the EGFR family, and on its activity 

in HER2-positive breast cancer patients.

In other malignancies, such as lung cancer, afatinib has 

an emerging role in overcoming resistance to reversible 

EGFR tyrosine kinase inhibitors (TKIs) with an encouraging 

antitumoral activity, especially in non-small-cell lung 

cancer (NSCLC) harboring EGFR/HER1-activating 

mutations. Consequently, afatinib in patients with NSCLC-

resistant to reversible TKIs is being explored in a number 

of Phase I and II clinical trials.8–10 At the 2012 American 

Society of Clinical Oncology (ASCO) meeting, results from 

a Phase III study of afatinib versus pemetrexed–cisplatin as 

first-line in advanced adenocarcinoma of the lung (LUX-

Lung 3) found that treatment with afatinib increases response 

rate and significantly prolongs progression-free survival.11

However, the role of afatinib is much more undefined 

in breast cancer.

Afatinib: mechanism of action  
and preclinical activity
Afatinib (BIBW 2992) is a novel, orally bioavailable, 

anilinoquinazoline compound, developed by Boehringer 

Ingelheim Pharma GmbH, (Ingelheim, Germany). This 

agent acts as a potent, irreversible, highly selective inhibitor 

of EGFR/HER1, HER2, and HER4 tyrosine kinase activity 

(Figure 1). It covalently interacts with cysteine 773 of EGFR 
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and cysteine 805 of HER2 adenosine triphosphate (ATP)-

binding sites, with half-maximal inhibitory concentration 

values of 0.5 and 14 nM, respectively.8 Furthermore, afatinib 

inhibits EGFR/HER1- and HER2-containing dimers.8,12 As 

these receptors are deeply involved in cell proliferation and 

apoptosis inhibition, their suppression may play a critical role 

in tumor growth control (Figure 1).

Afatinib has demonstrated preclinical activity in a number 

of different preclinical tumor models, including EGFR- and 

HER2-overexpressing trastuzumab-resistant cell lines (SUM 

190-PT) as well as HER2-negative cell lines (SUM 149-PT) 

and in several in vivo models.8,10 In particular, afatinib 

showed activity in mouse xenografts overexpressing EGFR/

HER1 and/or HER2, inducing partial and complete tumor 

shrinkage.12

Moreover, due to its covalent binding to the tyrosine 

kinase active site, afatinib showed an efficient inhibitory 

activity in a variety of EGFR mutants including the acquired 

second-site resistance mutation T790M and wild-type and 

mutant HER2, which is well known for being resistant to 

first-generation EGFR TKIs.8

Phase I trials
Afatinib has been investigated in multiple Phase I clinical 

trials.8,13,14 These studies have revealed a manageable side effect 

profile both when used as a single agent and in combination 

with chemotherapeutic drugs (including cisplatin/paclitaxel, 

cisplatin/5-fluorouracil, and docetaxel).15–18 The first in-human 

study evaluated an escalating schedule of once-daily afatinib 

for 14 days followed by 14 days off treatment in patients 

with advanced solid tumors.13 On the basis of this study, the 

recommended Phase II dose in this schedule (14 days on 

and 14 days off) has been established between 50 and 70 mg 

once daily. Observed adverse events (AEs), which are always 

reversible, consisted of cutaneous (rash, acne, and dry skin) 

and gastrointestinal toxicities (diarrhea, mucositis, nausea, 

and vomiting), which usually resulted in dose limiting. 

Differently from other anti-HER2 target therapies, afatinib 

is not associated with significant left ventricular ejection 

fraction (LVEF) changes.19,20 Its pharmacokinetic profile 

revealed oral bioavailability, moderately fast absorption, 

and a half-life ranging between 28 and 43 hours. Afatinib 

is rapidly distributed in the tissues with moderate-to-high  

clearance. The major route of elimination of afatinib was 

via the feces. Pharmacodynamic analyses in skin biopsies 

did not show remarkable changes in EGFR-associated 

biomarkers; however, there was a significant reduction in 

epidermal keratinocytes proliferation scored with Ki67 

index. Neither complete nor partial responses were observed. 

Disease stability lasting more than four cycles was seen 

in seven patients with different tumor types (especially 

colorectal and NSCLC).13

Other studies have explored different schedules of 

administration of afatinib. In all these studies, afatinib was 

well tolerated with similar AEs reported.19–21 Afatinib was 

escalated up to 100 mg daily on an intermittent schedule with 

an increased frequency and severity of drug-related AEs for 

doses higher than 50–70 mg daily. A trial evaluating daily 

continuous dosing schedule of afatinib was reported by Yap 

and colleagues.14 Fifty-three patients were enrolled in this study 

and assigned to five different dose levels from 10 to 50 mg 

daily continuously administered, with a determined maximum-

tolerated dose (MTD) of 50  mg daily. The tolerability of 

afatinib was confirmed with diarrhea, nausea, vomiting, and 

rash as the most common AEs. These events were generally 

self-limiting or effectively controlled with specific medications. 

No cardiac toxicity was observed in terms of significant decline 

in ejection fraction. Dose limiting toxicities included grade 

3 rash and reversible dyspnea secondary to pneumonitis. 

Differently from the previous described study, in Yap’s trial 

three NSCLC patients had confirmed partial responses (two 

with an EGFR mutation), and disease stability lasting at least 

6 months was reported in seven patients affected by colorectal, 

breast, cervical, and thyroid cancer.

Activity in breast cancer
A few Phase II clinical trials have tested afatinib in 

monotherapy or in combination (Table  1). Based on the 

Phase I study results, a 50 mg daily dose was selected for 

Phase II studies. Hickish and colleagues conducted an open-

label Phase II study in which 41 patients with stage IIIB 

or IV HER2-positive breast cancer who had progressed on 

or were intolerant to trastuzumab were treated with single-

agent afatinib at the dose of 50 mg/day.22 Preliminary data 

demonstrated partial responses in four patients (11%), one 

of whom remained on treatment until disease progression at 

63 weeks, and 15 patients had stable disease for more than 

four cycles (37%). Median progression-free survival was 

about 15 weeks while median overall survival was 61 weeks.23 

The most common AEs were grade 3 diarrhea (24%) and 

grade 3 skin rash (10%), stomatitis and vomiting (7%), and 

17 patients required dose reductions due to AEs. There have 

been no grade 4 drug-related toxicities and no treatment-

related deaths. This trial provided a rationale for further 

evaluation of afatinib in a larger cohort of HER2-positive, 

trastuzumab-resistant metastatic breast cancer patients.
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At the 32nd San Antonio Breast cancer Symposium in 

2009, Harbeck and colleagues presented the results of a 

Phase II study of afatinib in patients with HER2-negative, 

hormone receptor-positive or triple negative metastatic breast 

cancer after no more than two prior chemotherapies.24 Among 

56 enrolled patients, 50 were treated with afatinib 50 mg once 

daily until disease progression.

Adverse events, mainly skin and gastrointestinal 

toxicities, were manageable. No objective responses were 

observed, but durable clinical benefit was observed in 

three patients with triple negative breast cancer (median 

duration of 184 days). Preliminary results indicated a median 

progression-free survival of 54 days for the HER2-negative, 

hormone receptor-positive patients and 52 days for the triple-

negative patients.

At the recent 2012 ASCO meeting, Rimawi and col-

leagues presented results from a randomized open-label arm 

Phase II study comparing afatinib itself as a single agent 

versus trastuzumab and versus lapatinib in patients with 

HER2-positive, treatment-naïve, stage IIIA locally advanced 

breast cancer.25 After 6 weeks of treatment, afatinib showed a 

higher overall response rate compared to the other two agents, 

even if with a higher rate of AEs (especially gastrointestinal 

and skin toxicities).

Since the mechanism of acquired hormone-resistance 

may involve cross-talk between the ER and human epidermal 

growth factor receptor HER1/HER2  signaling pathways, 

Gunzer and colleagues evaluated the combination of afatinib 

plus letrozole. At the 2010 ASCO annual meeting, Gunzer 

and colleagues presented results from an open-label single-

arm Phase II study with afatinib added to letrozole following 

disease progression on letrozole monotherapy.26 Primary 

endpoint was the rate of nonprogression at 16 weeks of 

therapy. A total of 28 mainly HER2-negative patients from 

30 enrolled patients have been treated. The daily starting 

dose of afatinib was reduced from 50 mg to 30 mg due to 

skin and gastrointestinal toxicities (grade 3). Other reported 

AEs that were largely manageable were diarrhea, nausea, 

and asthenia. Preliminary data did not show any influence of 

afatinib on the pharmacokinetics of letrozole and vice versa. 

In this study, 7 of 28 patients evaluable were treated with 

stable disease for more than 16 weeks.

Ongoing clinical trials
There are several ongoing studies investigating afatinib in 

breast cancer patients, either in monotherapy or in association 

with other HER2-targeted therapies, hormonal drugs, or 

chemotherapeutic agents27 (Table 2).

Furthermore there are Phase II and III studies evaluating 

afatinib in combination with chemotherapy, in particular in 

association with vinorelbine (NCT01125566 – LUX Breast 1; 

NCT01325428; NCT01441596 – LUX-Breast 3) in patients 

with HER2-positive metastatic breast cancer after failure of 

trastuzumab or lapatinib treatment.

Recently, at the 2012 ASCO meeting, the Phase II LUX-

breast 2 trial was presented. This trial will investigate the 

safety and efficacy of afatinib in HER2-positive metastatic 

breast cancer patients who progressed on prior trastuzumab 

and/or lapatinib.28

Moreover, afatinib is also being evaluated with another 

HER2-targeted therapy in an open-label, Phase I study 

(NCT00950742) to determine the MTD and assess safety in 

combination with trastuzumab in patients with HER2 and 

metastatic breast cancer.

Considering that about 40%–50% of HER2-positive 

tumors coexpress hormone receptors and this coexpression is 

often associated with reduced efficacy of endocrine therapy, 

afatinib was also tested in combination with hormonal 

therapy. The NCT00708214 study is a Phase I trial in patients 

with hormone refractory metastatic breast cancer where 

afatinib is administered in combination with letrozole. The 

aim of the study, which has just completed its accrual, is to 

Table 1 Afatinib activity in breast cancer: main studies

Authors N° patients Study design Key clinical results

Hickish et al22 41 Phase 2: patients with stage IIIb or IV breast cancer 
progressed on trastuzumab treated with  
afatinib 50 mg/day monotherapy

11% PR; 43% SD  
AE: diarrhea (24%) and  
skin rash (10%) G3

Harbeck et al24 56 Phase 2: patients with HER2 negative hormone receptor  
positive or triple negative, metastatic breast cancer 
progressed on no more than two chemotherapies,  
treated with afatinib 50 mg/day monotherapy

No ORR  
PFS: 54 days for the HER2 negative  
and hormone receptor positive group;  
52 days for the triple negative group AE: manageable

Gunzer et al26 30 Phase 2: patients with stage IIIb or IV breast cancer 
progressed on letrozole, treated with the combination  
of letrozole plus afatinib

25% SD (for more than 16 weeks)  
AE: manageable

Abbreviations: PR, partial response; SD: stable disease; AE, adverse event; G, grade; ORR, overall response rate; PFS, progression free survival.
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assess progression-free rates after 16 weeks of treatment 

administration.

Finally, afatinib has also been tested in patients with HER2-

negative breast cancer: NCT00425854 is a recently completed 

open-label Phase II trial to assess the efficacy and safety of a 

once-daily oral dose of 50 mg afatinib in two cohorts of patients 

with HER2-negative advanced breast cancer, after failure of 

no more than two chemotherapy regimens. NCT01531764 is 

a recruiting Phase II study evaluating safety and efficacy of 

afatinib in combination with vinorelbine in metastatic breast 

cancer patients pretreated with anthracycline and who have 

intermediate HER2  status (2+ by immunochemistry, but 

negative by fluorescence in-situ hybridization). NCT01531764 

is estimated to be completed in 2016.

Discussion and future perspectives
Overexpression of HER2 predicts, in absence of treatment, 

a poor prognosis in breast cancer. Nowadays, different 

HER2-targeted therapies, such as trastuzumab and lapatinib, 

have significantly improved outcome in HER2-positive 

breast cancer patients. A further step forward has been 

made by dual targeting of HER2 with pertuzumab and 

trastuzumab in combination with chemotherapy.3 However, 

medical oncologists deal with patients progressing because of 

upfront or acquired drug resistance and, not rarely, by serious 

toxicities. An improved molecular understanding of breast 

cancer biology has led to the development of single-targeted 

and multitargeted agents for the treatment of breast cancer 

that has dramatically changed the approach to this disease. 

A number of strategies have been developed to deal with 

progressive HER2-positive metastatic breast cancer, which 

often maintains HER2 dependence.

Efficient blockade of HER2-dependent signaling may 

be achieved by simultaneous targeting in this biological 

cross-talk network of different HERs, as neratinib (HER1, 

HER2, and HER4) and afatinib (HER1 and HER2) do, 

reverting some of the possible mechanisms of resistance to 

trastuzumab. Both these agents have shown promising results 

in terms of response rates and progression-free survival in 

trastuzumab-exposed patients.6 However, treatment with 

neratinib was associated with several AEs such as diarrhea, 

nausea, vomiting, and fatigue, seen in the majority of patients 

(diarrhea grade 3–4  in 20% of patients). Moreover, both 

agents have demonstrated a favorable activity compared 

with single-agent trastuzumab data.29 However, important 

points remain unsolved. The first important point related 

to the development of afatinib in breast cancer is the best 

clinical setting for use.

The experience with the reversible dual HER/EGFR 

tyrosine kinase inhibitor lapatinib, in patients with brain 

metastases from breast cancer30 suggests that small molecule 

inhibitors, differently from monoclonal antibodies, may act 

beyond the blood–brain barrier. In fact, it was shown that 

trastuzumab levels in cerebrospinal fluid are about 300-

fold lower than those in plasma, therefore indicating that 

trastuzumab cannot efficiently cross the blood–brain barrier.31 

On the contrary, available data in mouse models suggest that 

due to the very low molecular weight (,1 kDa) lapatinib can 

cross the blood–brain barrier easily. Similarly to lapatinib, 

afatinib could probably play a role in brain metastases. 

However, we are waiting for confirmation from the ongoing 

trials in this subset of patients treated with afatinib.

Second, similarly to what happens for other HER2 inhibitors, 

resistance to afatinib is a frequent event. Important work 

Table 2 Main ongoing clinical trials

Trial name (identifier) Phase and status Treatment scheme Patient population

NCT01125566  
(LUX Breast 1)

Phase 3: recruiting Vinorelbine + trastuzumab vs  
vinorelbine + afatinib

I and II line metastatic breast cancer patients

NCT01325428 Phase 2: recruiting Afatinib alone or in combination  
with vinorelbine

HER2 positive locally advanced or  
metastatic inflammatory breast cancer

NCT01441596  
(LUX Breast 3)

Phase 2: recruiting Afatinib alone or in combination  
with vinorelbine

HER2 positive breast cancer with brain 
metastasis after trastuzumab/ 
lapatinib therapy

NCT00826267 Phase 2: completed Afatinib monotherapy vs  
trastuzumab vs lapatinib

HER2 positive treatment-naïve stage IIIa 
breast cancer patients (neoadjuvant setting)

NCT00708214 Phase 2: completed Afatinib in combination  
with letrozole

Hormone resistant metastatic  
breast cancer patients

NCT00425854 Phase 2: completed Afatinib in monotherapy HER2 negative metastatic breast cancer, 
after maximum 2 lines of chemotherapy

NCT00950742 Phase 1: active, not recruiting Afatinib in combination with  
trastuzumab

HER2 positive advanced refractory  
breast cancer patients
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needs to be done therefore to identify predictive factors of 

response and resistance beyond HER2 gene mutation and/or 

amplification. As shown for other HER2 inhibitors, primary 

and acquired resistance involves alterations in HER2 itself, 

coexpression or acquisition of bypass signaling through 

other receptors or intracellular signaling pathways, defects 

in mechanisms of cell cycle regulation or apoptosis, and host 

factors that may modulate drug response. A consistent number 

of neoadjuvant trials conducted in HER2-positive breast 

cancers treated with different anti HER2 agents (trastuzumab, 

pertuzumab, lapatinib) such as Neosphere,32 NeoALTTO33–35 

are currently validating predictors of response/resistance on 

tumor tissues such as transforming growth factor-α, EGFR 

family members’ activational status and phosphorylated 

downstream effectors.

Investigation of similar markers may predict also 

sensitivity to afatinib, therefore eliciting a more appropriate 

definition of a “molecular” setting predictive of benefit from 

treatment. In conclusion, it is likely that in the near future, 

afatinib will become part of our armamentarium for the 

treatment of HER2-overexpressing breast cancer patients. 

The challenge to clinicians will be how to use this drug at 

its best potential.
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