
15

Review

ISSN 1475-070810.2217/THY.10.86 © 2011 Future Medicine Ltd Therapy (2011) 8(1), 15–22

PeRsPective

Afatinib (BIBW‑2992): a novel dual 
EGFR/HER2neu inhibitor with promising activity 
in non‑small‑cell lung cancer

Lung cancer is the leading cause of cancer death 
in the USA. Approximately 215,020 new cases 
(114,690 men and 100,330 women) were diag‑
nosed and 161,840 died of lung cancer in 2008 
(National Cancer Institute [NCI] 2009). The 
extremely high lung cancer‑related mortality, 
demonstrates the limited efficacy of traditional 
cytotoxic chemotherapy in patients with this 
disease [1,2]. In the past few years, a number 
of new agents have been demonstrated to have 
significant activity in non‑small‑cell lung can‑
cer (NSCLC). These include some new chemo‑
therapy agents and mainly targeted agents, 
including antiangiogenic drugs and agents 
blocking the EGF receptor (EGFR) pathway. 
EGFR is a member of the ErbB receptor tyrosine 
kinase family, which includes HER2, HER3 and 
HER4. Recently observed patterns of oncogenic 
mutation of EGFR and HER2 present an attrac‑
tive option for targeted therapy in patients with 
NSCLC [3–5]. Erlotinib and gefitinib are part of 
a first‑generation of small molecules with com‑
petitive reversible EGFR tyrosine kinase inhibi‑
tory (TKI) activity. Erlotinib and gefitinib have 
cytotoxic activity against lung cancer cells har‑
boring somatic gain‑of‑function mutations in 
the intracellular kinase domain of EGFR; most 
commonly, small in‑frame deletions in exon 19 or 
the L858R missense mutation in exon 21 [6]. Even 
when dramatic clinical responses are observed in 

this patient population (70–80%) [7–10], caused 
by alterations in the ATP cleft associated with 
these mutations, and biological dependence of 
the cancer cells on the increased survival signals 
transduced by the mutant receptors or ‘oncogene 
addiction’ [11,12], the average response has been 
demonstrated to last between 6 and 8 months 
(Kris et  al.) [13] and 9.2 and 10.8 months 
(Mitsudomi et al. and Maemondo et al.) [14,15], 
before the cells develop acquired drug resistance 
to these reversible TKIs and relapse [16]. A spe‑
cific secondary mutation in the kinase domain 
of the EGFR, located in exon 20, leads to a sub‑
stitution of Met for Thr at position 790 (T790M) 
and was found responsible for rendering the cells 
insensitive to the TKIs [17]. Although the T790M 
mutation was not initially detected in untreated 
tumor samples, more recently, the same mutation 
has been reported to be coexpressed with sensitive 
mutations in patients never treated with EGFR 
TKIs, accounting for the primary resistance of 
the harboring cells to erlotinib and gefitinib [18]. 
Additional mechanisms of resistance to gefitinib 
and erlotinib have been reported, including focal 
amplification of the MET proto‑oncogene, by 
driving ErbB3 (HER3)‑dependent activation 

of PI3K, a pathway believed to be specific to 
the EGFR/ErbB family of receptors, which is 
detected in 22% of lung cancer specimens [19], 
and primary resistance caused small in‑frame 
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insertions in exon 20 of the kinase domains of 
EGFR or HER2 [20]. Multiple resistance mecha‑
nisms can coexist in recurrent tumors after an 
initial response to gefitinib or similar reversible 
EGFR inhibitors. Gefitinib‑resistant clones are 
cross‑resistant to related anilinoquinazolines [21]. 
These observations helped guide the search for 
more effective therapy against a specific subset 
of lung cancers, based on a need for increased 
therapeutic efficacy of the next generation of 
EGFR inhibitors. The search was based on 
small molecules with a broader activity against 
ErbB receptor tyrosine kinases, but are highly 
selective within the human kinome, assuring an 
acceptable drug safety and tolerability profile.

Irreversible inhibitors of eGFr TKI
Signaling by the membrane‑bound EGFR 
involves a complex pathway of ligand bind‑
ing, receptor homodimerization, and hetero‑
dimerization with ErbB2 and other family mem‑
bers, followed by internalization and recycling of 
the ligand‑bound receptor or ubiquitin‑mediated 
receptor degradation [22]. In gefitinib‑resistant 
NSCLC not containing the secondary T790M 
EGFR mutation, an increased EGFR internaliza‑
tion correlates with drug resistance. Irreversible 
inhibitors that covalently crosslink the recep‑
tor are effective in cell lines with the T790M 
mutation and in cells with altered EGFR traf‑
ficking [23]; raising the possibility that they may 
circumvent multiple mechanisms of acquired 
resistance to gefitinib and erlotinib [21]. To prove 
this hypothesis, initial in  vitro studies gener‑
ated gefitinib‑resistant subclones of NCI‑H1650 
cells by treatment with ethyl methane sulfonate 
(600 µg/ml), followed by exposure to 20 µM 
gefitinib. Despite the resistance to gefitinib, 
these cells displayed persistent sensitivity to dual 
inhibitors of EGFR and ErbB2 (HKI‑272 and 
‑357, and EKB‑569) [24–26]. All three drugs are 
irreversible inhibitors, most likely via a cova‑
lent bond with the Cys773 residue within the 
EGFR catalytic domain or the Cys805 of ErbB2. 
In contrast to first‑generation reversible EGFR 
TKIs, even at high drug concentrations, inves‑
tigators were unable to establish clones of cells 
that were resistant to these irreversible inhibitors 
at concentrations above 10 µM, even after ethyl 
methane sulfonate mutagenesis [21]. Interestingly, 
irreversible inhibitors were tenfold more effec‑
tive than gefitinib in suppressing EGFR auto‑
phosphorylation, and AKT and MAPK phospho‑
rylation in parental NCI‑H1650 cells harboring 
a sensitive mutation (delE746‑A750), as well as 
gefitinib‑resistant clones (NCI‑H1650(G7)). 

Furthermore, the differential inhibition of EGFR 
signaling in gefitinib‑resistant cells by reversible 
and irreversible inhibitors might be correlated 
with alterations in receptor trafficking, a well‑
documented modulator of EGFR‑dependent 
signaling [21]. Gefitinib’s ability to inhibit EGFR 
activation is compromised in gefitinib‑resistant 
cells, whereas the irreversible activity of inhibi‑
tors is not detectably affected, which may explain 
the antitumor activity of irreversible inhibitors 
in gefitinib‑resistant tumors. Finally, the NCI‑
H1975 bronchoalveolar cancer cell line harbors 
both L858R and T790M mutations in EGFR. 
In in vitro experiments with this cell line, both 
irreversible inhibitors HKI‑357 and ‑272 were 
considerably more effective than gefitinib in sup‑
pressing ligand‑induced EGFR autophosphoryla‑
tion and its downstream signaling, as determined 
by AKT and MAPK phosphorylation, and sup‑
pressed cell proliferation, under gefitinib‑resistant 
conditions [21]. 

Afatinib (BIBw‑2992)
�n Preclinical experience

Afatinib (BIBW‑2992) is an anilino‑quinazoline 
derivative, developed by Boehringer Ingelheim 
Corp (Ridgefield, CT, USA) to covalently bind 
and modify the ATP‑binding site of the kinase 
domains of EGFR (Cys773) and HER2 (Cys805), 
with a functional Michael acceptor group simi‑
lar to the quinoline‑derived irreversible EGFR 
inhibitors EKB‑569 and HKI‑272 [27,28]. Afatinib 
is an oral dual receptor TKI with potent irrevers‑
ible inhibitory activity on ErbB1 (EGFR/HER1) 
and mutated ErbB1 receptors, including the 
T790M variant, and ErbB2 (HER2). Afatinib 
has potent phosphorylation inhibitory activity on 
both EGFR (half maximal inhibitory concentra‑
tion [IC

50
]: 0.5 nM) and HER2 (IC

50
: 14 nM) 

comparing favorably to reference compounds 
in all cell types tested (human epidermoid car‑
cinoma cell line A431, murine NIH‑3T3 cells 
transfected with wild‑type HER2, breast can‑
cer cell line BT‑474 and gastric cancer cell line 
NCI‑N87). Afatinib effectively and selectively 
inhibited EGFR and HER2neu total tyrosine 
phosphorylation in  vitro and tumor cell pro‑
liferation in vivo, in EGFR wild‑type as well as 
EGFR and HER2 mutants, including erlotinib‑
resistant isoforms. Afatinib is similar to gefitinib 
in potency for L858R EGFR (IC

50
: 0.7 nM), but 

approximately 100‑fold more active against the 
gefitinib‑resistant L858R/T790M EGFR dou‑
ble mutant (IC

50
: 99 nM). Afatinib suppresses 

transformation in isogenic cell‑based assays, 
inhibits survival of cancer cell lines and induces 
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tumor regression in xenograft and transgenic 
lung cancer models, with superior activity over 
erlotinib [29]. Afatinib showed no activity toward 
A549 cells, which express wild‑type EGFR and 
HER2, but simultaneously harbor an oncogenic 
K‑RAS G12S point mutation [28]. In a xenograft 
model of the epidermoid carcinoma cell line, 
A431, expressing high levels of wild‑type EGFR 
and detectable levels of HER2, afatinib admin‑
istration resulted in dramatic tumor regression, 
whilst also downregulating EGFR and AKT 
phosphorylation. Similarly, xenograft tumor 
formation by the NCIH1975 cell line, express‑
ing EGFR L858R/T790M, was effectively con‑
trolled by afatinib [30]. In de novo EGFR L858R/
T790M‑driven erlotinib‑resistant lung cancer, 
a more disease‑relevant and challenging model, 
afatinib induced a greater than 50% tumor 
reduction after 4 weeks of treatment. The addi‑
tion of rapamycin, an inhibitor of the EGFR–
PI3K–mTOR axis, resulted in almost complete 
tumor regression in six EGFR L858R/T790M 
mice within 1 week of treatment, although 
treatment with rapamycin alone is not effective 
in this particular animal model [31]. Conversely, 
NSCLC patients with primary resistance to 
first‑generation EGFR inhibitors caused by the 
previously mentioned KRAS mutations [32] or 
acquired resistance caused by amplification of the 
MET proto oncogene [18], would not be expected 
to respond to treatment with afatinib alone. 
However, since MET signaling activates the PI3K 
pathway in a HER3‑dependent manner [18], it 
is possible that the combination of afatinib and 
rapamycin would also be effective in patients 
with resistance to first‑generation inhibitors that 
was acquired by this mechanism. 

�n Clinical experience
Phase I studies
To assess tolerability, pharmacokinetics (PK), 
pharmacodynamics and clinical activity of afat‑
inib, an escalating schedule of once‑daily afat‑
inib for 14 days, followed by a 14‑day period 
off medication, was explored in patients with 
advanced solid tumors [28]. A total of 38 patients 
were enrolled. Dose levels were 10, 20, 30, 45, 
70, 85 and 100 mg. At 100 mg, dose‑limiting 
toxicity (DLT; common toxicity criteria grade 3 
skin rash and grade 3 diarrhea despite treatment 
with loperamide) occurred in two patients. In the 
next‑highest dose of 70 mg, DLT (grade 3 fatigue 
and alanine aminotransferase elevation) occurred 
in one of six patients. An intermediate dose level 
of 85 mg was studied. Here, DLT occurred in 
two patients (grade 3 diarrhea despite treatment 

and grade 2 diarrhea lasting more than 7 days 
despite treatment). An additional 12 patients 
were treated with 70 mg of afatinib. Skin biop‑
sies did not show significant changes in EGFR‑
associated biomarkers. No partial or complete 
responses were observed; stable disease lasting 
more than four cycles was seen in seven patients. 
The recommended dose for studies with afatinib 
for 14 days followed by 14 days off medication is 
70 mg once daily. The PK was dose proportional 
with a terminal elimination half‑life ranging 
between 21.3 and 27.7 h on day 1 and between 
22.3 and 67.0 h on day 27; afatinib exposure 
decreased after food intake. In another study, 
afatinib PK revealed moderately fast absorption 
and no deviation from dose proportionality after 
single and multiple doses [27].

A Phase I study of continuous once‑daily 
oral afatinib was conducted to determine safety, 
maximum tolerated dose, PK, food effect and 
preliminary antitumor efficacy in patients with 
advanced solid tumors. A total of 53 patients 
received afatinib at 10–50 mg/day [33]. Afatinib 
was generally well tolerated. The most common 
adverse effects included diarrhea, nausea, vom‑
iting, rash and fatigue. DLTs included grade 3 
rash (n = 2) and reversible dyspnea secondary to 
pneumonitis (n = 1). The recommended Phase II 
dose was 50 mg/day. Three patients with NSCLC 
(two with in‑frame exon 19 mutation deletions) 
experienced confirmed partial responses (PRs) 
sustained for 24, 18 and 34 months. Two other 
patients (one with esophageal carcinoma and  
one with NSCLC) had nonconfirmed PRs. 
A patient with a PR at 10 mg/day progressed 
and developed sympto matic brain metastases, 
which subsequently regressed with an increased 
dose of 40 mg/day of afatinib. A further seven 
patients had disease stabilization lasting at least 
6 months [33]. Durable responses were observed 
in Phase I trials of afatinib in NSCLC patients 
with activating EGFR mutations and the 
recommended Phase II dose was 50 mg/day.

Phase II studies
Afatinib has undergone Phase II testing in 
patients with NSCLC, breast and prostate can‑
cers, head and neck carcinoma, as well as glioma. 
In lung cancer, Boehringer Ingelheim Corp is 
sponsoring the LUX‑Lung 2 program, which is 
part of the comprehensive LUX‑Lung clinical 
trial program, comprising over ten trials con‑
ducted across the globe. As part of the program, 
an open‑label, single arm, two‑stage Phase II 
study was conducted in Taiwan and the USA [101]. 
Patients with stage IIIB/IV adeno carcinoma of 
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the lung, whose tumors harbor activating muta‑
tions within exon 18–21 of the EGFR recep‑
tor, with Eastern Cooperative Oncology Group 
(ECOG) 0–2, who progressed or relapsed after 
one prior cytotoxic chemotherapy regimen, as 
well as chemotherapy naive patients (only in 
stage 2), are being treated with afatinib 50 mg or 
40 mg once daily until progressive disease. The 
protocol was amended (17 December 2008), to 
a lower starting dose of afatinib, with two pos‑
sible dose reductions if needed after discontinua‑
tion caused by drug‑related adverse events. This 
study is examining effectiveness of this irrevers‑
ible dual inhibitor of EGFR and HER2 kinases 
in patients carrying EGFR‑activating mutations. 
The primary end point is response rate (complete 
response [CR] and PR) according to RECIST cri‑
teria. Secondary outcome measures include safety 
of afatinib, clinical benefit (CR, PR and stable 
disease) determined by response evaluation crite‑
ria in solid tumors (RECIST), duration of objec‑
tive response (OR), time to OR, progression‑free 
survival (PFS) time, overall survival (OS) time 
and PK evaluation. The study began in August 
2007 and the estimated primary completion date 
is January 2012 (final data collection date for pri‑
mary outcome measure). At the time of the first 
interim data report in May 2008, 174 patients 
(156 in Taiwan and 18 in the USA) were screened 
for EGFR mutations. Mutations were present in 
41% of patients from Taiwan (n = 64) and none 
from the USA. A total of 27 patients (42%) were 
identified with EGFR L858R, 26 (41%) with exon 
19 deletion, five (7.8%) with an exon 20 insertion, 
and one patient each with G863V, L861P, K860E, 
L861Q, G719S+S768I and G724S+S768I. PRs 
were seen in one patient with brain metastases, 
and two patients with the G719S+S768I and 
L861Q mutations [34,35]. At the last annual meet‑
ing of the American Society of Clinical Oncology 
(ASCO) in June 2010, updated data were pre‑
sented. A total of 444 patients were tested for 
EGFR. L858R mutation was seen in 54 (42%), 
deletion 19 in 52 (40%) and other mutations 
in 23 (18%) patients. In this study, a patient 
with the T790M mutation did not respond to 
BIBW‑2992 [36]. The last update of this trial was 
presented at the annual meeting of the European 
Society of Clinical Oncology (ESMO), in 
October 2010 [36]. RECIST was used to assess 
response at 4, 8 and 12 weeks, and at 8‑weekly 
intervals thereafter. A total of 129 patients 
received at least one dose of afatinib. Among the 
129 patients, the investigators reported an OR 
rate (ORR) of 67% (confirmed ORR of 60%), 
disease control rate (DCR) of 86%, median PFS 

of 14 months and median OS of 24 months. 
Comparable efficacy was observed in the first‑ 
and second‑line settings. A similar confirmed 
ORR, DCR and median PFS wereseen in the 
54 patients with L858R mutations (59%, 83%, 
and 16.1 months, respectively) and in 52 patients 
with deletion 19 mutations (69%, 93% and 
13.7 months, respectively). The most common 
drug‑related adverse events were diarrhea and 
rash/acne in 95 and 91% of patients, respec‑
tively, with a Common Terminology Criteria for 
Adverse Events (CTCAE) grade of 3 in 19 and 
21% of patients, respectively [37]. Another Phase II 
trial in advanced (EGFR‑FISH+) lung cancer, is 
currently recruiting 70 participants in Italy [102]. 
This is a single‑arm, nonrandomized, open‑label 
Phase II trial exploring the ORR (CR and PR) by 
the RECIST criteria as the primary end point, of 
patients with an ECOG performance score of 0, 
1 or 2, pathologically confirmed stage IIIB or IV, 
adeno‑ or broncho‑alveolar carcinoma type, 
stratified by line of therapy (first‑ vs second‑line 
treatment). The secondary end points are evalu‑
ation of safety profile and PK ana lysis of afatinib. 
Presence of K‑RAS and EGFR mutation is evalu‑
ated during screening for selected patients [103]. 
Although beyond the scope of this article, it is 
worth mentioning another irreversible inhibi‑
tor, neratinib (HKI‑272), which has also entered 
Phase I and II clinical trials at 240 mg/day. A 
total of 167 patients were treated. The response 
rate was 3% in patients carrying sensitive EGFR 
mutations and 0 for wild‑type. No patient with 
known T790M responded. Notably, three out of 
the four patients with an exon 18 G719X EGFR 
mutation had a PR and the fourth had stable dis‑
ease lasting 40 weeks [38,39]. A Phase II, three‑arm 
trial included stage IIIB/IV recurrent NSCLC, 
stratified by EGFR mutation or wild‑type, fol‑
lowing erlotinib, gefitinib or chemotherapy fail‑
ure [40]. The study examined 165 patients accrued 
(median age 60 years, 30% male, 96% perform‑
ance status [PS] 0 or 1 and 64% with prior chem‑
otherapy), the ORR was 2% (four out of 165), 
with a median PFS of 13.1 weeks for those previ‑
ously treated with EGFR TKIs and 7.4 weeks for 
those with prior chemotherapy exposure. 

Phase III studies
On 15 February 2008, the US FDA granted fast‑
track designation (FDA Modernization Act of 
1997 [FDAMA]) for Boehringer Ingelheim to 
conduct a pivotal trial program studying afat‑
inib (BIBW‑2992) in late‑stage NSCLC patients. 
Afatinib is the first orally administered, irre‑
versible dual inhibitor of EGFR and HER2 to 
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reach Phase III development in NSCLC. The 
LUX‑Lung trial program currently includes two 
Phase III trials assessing the efficacy and safety of 
afatinib in various NSCLC patient populations 
across the globe. One of the LUX‑Lung 3 stud‑
ies is a randomized, double‑blind, multicenter, 
Phase IIb/III study, aimed to determine the effi‑
cacy of afatinib plus best supportive care (BSC) 
compared with placebo plus BSC in advanced 
NSCLC patients who have received previous 
treatment with at least one but not more than 
two lines of cytotoxic chemotherapy (one line 
must have been a platinum‑containing regimen), 
and either gefitinib or erlotinib for a period of 
at least 12 weeks and then progressed [104]. The 
primary objective of this randomized trial was 
to determine the survival benefit of afatinib as a 
single agent (arm A) as compared with a match‑
ing placebo (arm B) in this patient population. 
Patients on both treatment arms receive BSC in 
addition to study treatment. Secondary outcome 
measures include PFS, OR and adverse events. 
The expected enrolment was 585 patients. The 
study start date was April 2008 and the primary 
completion date was July 2010 (final data col‑
lection date for primary outcome measure). 
The LUX‑Lung 1 study was presented at the 
last annual meeting of the ESMO, in October 
2010 [41]. A total of 585 patients were randomized 
between May 2008 and September 2009; 390 to 
the afatinib arm and 195 to the placebo arm. 
Patient characteristics were well balanced in both 
arms: median age (58 years), gender (60% were 
women), ethnicity (58% were East Asian), PS 
(92% had PS 0–1), prior treatment (81% had 
more than 24 weeks of prior erlotinib/gefitinib), 
and response on prior erlotinib/gefitinib treat‑
ment (45% had a CR/PR). At primary ana lysis 
(358 events), median OS was 10.78 months with 
BSC plus afatinib versus 11.96 months with 
BSC plus placebo, with a hazard ratio of 1.08 
(95% CI: 0.86–1.35). Significant advantages 
favoring afatinib were seen for the secondary end 
points of PFS by independent review (threefold 
increase in median PFS from 1.1 to 3.3 months, 
hazard ratio: 0.38; p < 0.0001), confirmed DCR 
at 8 weeks (58 vs 19%; p < 0.0001) and con‑
firmed ORR (11 vs 0.5% and 7.4 vs 0.5% by 
investigator and independent analyses; p < 0.01). 
Postprogression chemotherapy and EGFR TKIs 
were more common after placebo than afat‑
inib (70 vs 61% and 23 vs 11%, respectively). 
Diarrhea (87%, grade 3: 17%) and rash/acne 
(78%, grade 3: 14%) were the two most com‑
mon side effects of afatinib, effectively managed 
by supportive care/dose reduction. The study did 

not meet its primary end point to improve OS 
compared with placebo [41]. Another Phase III 
trial compares afatinib versus chemotherapy 
as first‑line treatment in NSCLC with EGFR 
mutation. This study, the LUX‑Lung 3 trial, is 
currently recruiting participants [105]. This ran‑
domized, open‑label Phase III trial will be per‑
formed in patients with adenocarcinoma of the 
lung with tumors harboring an EGFR‑activating 
mutation. The objectives of the trial are to com‑
pare the efficacy of single‑agent afatinib, arm A, 
with pemetrexed/cisplatin chemotherapy, arm B, 
as first‑line treatment for this group of patients. 
The primary end point is PFS and the secondary 
end points are OR (CR and PR), disease control 
(CR, PR and stable disease), OS, health‑related 
quality of life, and PK and safety of afatinib. The 
estimated enrollment is 330 patients. The study 
start date was August 2009 and the estimated 
primary completion date is November 2011.

LUX‑Lung 5 is a randomized study of afatinib 
plus weekly paclitaxel versus single‑agent chem‑
otherapy following afatinib in NSCLC patients 
failing erlotinib or gefitinib. This study is cur‑
rently recruiting participants, and has been since 
17 August 2010 [106]. The primary objective of 
this randomized, open‑label, active‑controlled, 
multicenter trial is to determine the efficacy of 
afatinib given as an add‑on to chemotherapy in 
patients with NSCLC stage IIIb or IV progressing 
after afatinib monotherapy compared with chem‑
otherapy alone in this patient population. The pri‑
mary end point is OS, and the secondary outcome 
measures are PFS, clinical benefit, ORR (CR and 
PR) by RECIST 1.1, time to OR, health‑related 
quality of life using the European Organization 
for Research and Treatment of Cancer (EORTC) 
QLQ‑LC13, EQ‑5D and QLQ C30 question‑
naires, and safety according to US NCI Common 
terminology Criteria for Adverse Events (US NCI 
CTCAE) Version 3.0. The estimated enrolment 
is 900 patients. The study start date was February 
2010 and the estimated primary completion date 
is March 2012 (final data collection date for 
primary outcome measure).

If afatinib (BIBW‑2992) is approved by the 
FDA, Boehringer Ingelheim will market the 
compound under the trade name TOVOK™.

�n Afatinib (BIBW-2992) in tumors with 
HER2neu mutations
HER2 mutations are found in 2–4% of lung 
adeno carcinomas and, similar to EGFR muta‑
tions, are more common in females, non smokers 
and patients with an Asian background. An 
exploratory Phase II study in demographically 
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and genetically selected NSCLC is being con‑
ducted. Patients with stage IIIB/IV lung adeno‑
carcinoma who have never smoked or are light 
ex‑smokers, and whose tumors harbor EGFR 
or HER2 mutations, or are demonstrated by 
FISH analysis to overexpress EGFR, are eligi‑
ble. Patients received 50 mg afatinib daily until 
disease progression. The primary end point is 
response rate. As of August 2009, three patients 
with a HER2 mutation in exon 20 have been 
included. All three patients are female non‑
smokers with stage III/IV adenocarcinoma of 
the lung and failed chemotherapy (up to five 
lines). A preliminary ana lysis shows significant 
improvement in patients’ symptoms and PS, as 
well as tumor size reduction amounting to PR in 
all three patients. Diarrhea and skin rash were 
the prominent adverse events. This is the first 
report of the use of afatinib in pretreated patients 
with NSCLC and activating HER2 mutations in 
exon 20. This mutation characterizes a subgroup 
of NSCLC dependent on the HER2 pathway for 
survival, making afatinib, an irreversible inhibi‑
tor of EGFR/HER2, a potential new treatment 
option for these patients [42].

Conclusion
Contrary to common misconception, lung 
cancer of the non‑small‑cell type is not just 
one disease. Subtypes of NSCLC have recently 
been characterized by molecular parameters. 
The molecular make‑up of certain lung cancers 
make them particularly sensitive to inhibitors 
of tyrosine kinase activity in the intracellular 
domain of the EGFR. The two so‑called revers‑
ible inhibitors in the market are gefitinib and 
erlotinib. Despite an overall initial response of 
approximately 70%, secondary resistant muta‑
tions in the cancer cells (T790M accounts for 
approximately 50%) lead to unresponsiveness 
to gefitinib and erlotinib after an average of 
8.0–10.8 months. Rebiopsy is highly recom‑
mended to show new mutations responsible for 
the acquired resistance of tumors, especially to 
guide treatment decisions as new agents become 
available. Investigators have recently developed 
new small molecules that bind irreversibly to 
the tyrosine kinase of the receptor, over coming 
resistance in  vitro, with potential significant 
clinical benefit. Afatinib is one such compound 
as it has proven to be safe and have durable anti‑
tumor activity. LUX‑Lung 1, a recently presented 
Phase III study (October 2010), did not meet its 
primary end point to improve OS, even when 
significant advantages favoring afatinib were seen 
for PFS, DCR and ORR [41].

Future perspective
Cancer is an extremely complex molecular condi‑
tion. In lung cancer, genes encoding for growth 
factors/growth factor receptors (e.g., EGF/EGFR 
and VEGF/VEGFR), modulators of cell growth 
response (e.g., K‑RAS and BRCA1) and enzymes 
involved in nucleotide excision repair pathways 
(e.g., ERCC1 and RRM1) have prognostic and 
predictive value of response and survival with cer‑
tain therapeutic agents. EGFR is overexpressed 
in 40–80% of NSCLC patients and 10–20% 
carry somatic mutations of the receptor’s tyro‑
sine kinase domain, which predict a 65–81% 
response rate and 96% DCR to the EGFR TKIs 
erlotinib and gefitinib, with a median OS of 
33 months. However, the response is short lived 
(average: 8.0–10.8 months), at which point can‑
cer cells develop multiple acquired mechanisms 
of resistance, including specific new mutations. 
It would be naive to expect to win the battle 
against cancer by targeting just one molecule 
in the immensely complex molecular machin‑
ery of the cancer cell, made even more complex 
under natural genetic pressure and added genetic 
abnormalities associated with treatment. New 
targeted approaches in cancer management aim 
at blocking the signaling translational pathway 
at various key checkpoints downstream from the 
surface receptor or key molecular players, in two 
or more pathways, in a concurrent or sequential 
fashion. BIBW‑2992 is a novel molecule with 
multiple molecular targets, which may account 
for its broader anticancer activity when com‑
pared with the first‑generation EGFR TKIs. 
However, the positive data presented in this 
article should not be taken as the culmination 
but the beginning of a long and arduous process 
of understanding many current unknowns. It 
is possible that, in the near future, BIBW‑2992 
may become part of a rational combination of 
targeted agents that not only block a few tar‑
get molecules, but also inhibit the whole can‑
cer machinery by strategic targeting of the 
complex molecular network responsible for the 
cancer phenotype.
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executive summary
 � Erlotinib and gefitinib are reversible EGF receptor (EGFR) tyrosine kinase inhibitors with cytotoxic activity against lung cancer cells 

harboring somatic mutations in the kinase domain of EGFR. Even when these two drugs produce initial dramatic clinical responses, 
cells develop acquired drug resistance caused by new mutations.

 � Irreversible inhibitors are effective in cell lines resistant to EGFR tyrosine kinase (erlotinib/gefitinib), raising the possibility that they 
may circumvent multiple mechanisms of acquired resistance. BIBW‑2992 is an oral dual receptor tyrosine kinase inhibitor with potent 
irreversible inhibitory activity on ErbB1 (EGFR/HER1) and mutated ErbB1 receptors including the T790M variant, as well as ErbB2 (HER2).

 � In Phase I/II, the clinical activity of 50 mg/day BIBW‑2992 was explored in lung, breast, prostate and head and neck cancer, as well as 
glioma. In lung cancer, 129 patients were treated with BIBW‑2992, and had a objective response and disease control rate of 62 and 
94%, respectively, and median progression‑free survival estimated at 12 months. The most common adverse effects included diarrhea, 
nausea, vomiting, rash and fatigue.

 � In February 2008, the US FDA granted fast‑track designation to Boehringer Ingelheim to conduct pivotal Phase III studies in advanced 
non‑small‑cell lung cancer patients failing erlotinib or gefitinib, or as first‑line treatment versus chemotherapy in tumors harboring 
EGFR mutations.

 � If BIBW‑2992 is approved by the FDA, Boehringer Ingelheim will market the compound under the trade name TOVOK™.

Bibliography
Papers of special note have been highlighted as:
n  of interest
nn  of considerable interest

1 Bordoni RE: Current concepts in the 
treatment of non‑small‑cell lung cancer. 
Atlanta Medicine Spring, 10–12 (2010).

2 Jemal A, Siegel R, Ward E et al.: 
Cancer Statistics, 2008. CA Cancer J. Clin. 
58, 71–96 (2008).

3 Lynch TJ, Bell DW, Sordella, R et al.: 
Activating mutations in the epidermal 
growth factor receptor underlying 
responsiveness of non‑small‑cell lung cancer 
to gefitinib. N. Engl. J. Med. 350, 2129–2139 
(2004). 

nn� First paper to describe somatic mutations in 
the intracellular domain of the EGF 
receptor (EGFR), in exons 19 and 21, to 
explain the selective sensitivity of lung 
cancer cells carrying such mutations, to the 
reversible EGFR tyrosine kinase inhibitors 
gefitinib and erlotinib.

4 Paez JG, Janne PA, Lee JC et al.: EGFR 
mutations in lung cancer: correlation with 
clinical response to gefitinib therapy. Science 
304, 1497–1500 (2004).

5 Pao W, Miller V, Zakowski M et al.: EGF 
receptor gene mutations are common in lung 
cancers from “never smokers” and are 
associated with sensitivity of tumors to 
gefitinib and erlotinib. Proc. Natl Acad. 
Sci. USA 101, 13306–13311 (2004).

6 Jackman DM, Yeap BY, Sequist LV et al.: 
Exon 19 deletion mutations of epidermal 
growth factor receptor are associated with 
prolonged survival in non‑small cell lung 
cancer patients treated with gefitinib or 
erlotinib. Clin. Cancer Res. 12(13), 
3908–3914 (2006).

7 Paz‑Ares L, Sanchez M, Garcia‑Velasco A 
et al.: A prospective Phase II trial of erlotinib 
in advanced non‑small‑cell lung cancer 
(NSCLC) patients (p) with mutations in the 

tyrosine kinase (TK) domain of the 
epidermal growth factor receptor (EGFR). 
J. Clin. Oncol. 24(Suppl. 18), 7020 (2006).

8 Sequist L, Martins RG, Spigel D et al.: 
First‑line gefitinib in advanced non‑small‑cell 
lung cancer patients harboring somatic EGFR 
mutations. J. Clin. Oncol. 6, 2442–2449 
(2008).

9 Rosell R, Moran T, Queralt C et al.: 
Screening for epidermal growth factor 
receptor mutations in lung cancer. N. Engl 
J. Med. 361, 958–967 (2009).

n� Very important publication on systematic 
profiling of patients with advanced 
non-small-cell lung cancer in a large 
European population and outcome of 
treatment with first-line erlotinib in 
patients with tumors harboring 
sensitive mutations.

10 Gazdar AF: Activating and resistance 
mutations of EGFR in non‑small‑cell lung 
cancer: role in clinical response to EGFR 
tyrosine kinase inhibitors. Oncogene 
28(Suppl. 1), S24–S31 (2009).

11 Sordella R, Bell DW, Haber DA, Settleman J: 
Gefitinib‑sensitizing EGFR mutations in lung 
cancer activate anti‑apoptotic pathways.  
Science 305, 1163–1167 (2004).

12 Weinstein IB: Cancer. Addiction to 
oncogenes – the Achilles heal of cancer. 
Science 297, 63–64 (2002).

13 Kris MG, Natale RB, Herbst RS et al.: 
Efficacy of gefitinib, an inhibitor of the 
epidermal growth factor receptor tyrosine 
kinase, in symptomatic patients with 
non‑small cell lung cancer: a randomized 
trial. JAMA 290, 2149–2158 (2003).

14 Mitsudomi T, Morita S, Yatabe Y et al.: 
Gefitinib versus cisplatin plus docetaxel in 
patients with non‑small‑cell lung cancer 
harbouring mutations of the epidermal 
growth factor receptor (WJTOG3405): an 
open label, randomised Phase 3 trial. 
Lancet Oncol. 11(2), 121–128 (2010). 

15 Maemondo M, Inoue A, Kobayashi K 
et al.: Gefitinib or chemotherapy for 
non‑small‑cell lung cancer with mutated 
EGFR. N. Engl. J. Med. 362(25), 2380–2388 
(2010).

16 Riely GJ, Pao W, Pham D et al.:
Clinical course of patients with 
non‑small‑cell lung cancer and epidermal 
growth factor receptor exon 19 and exon 21 
mutations treated with gefitinib or erlotinib. 
Clin. Cancer Res. 12, 839–844 (2006).

17 Pao W, Miller VA, Politi KA et al.:
Acquired resistance of lung 
adenocarcinomas to gefitinib or erlotinib is 
associated with a second mutation in the 
EGFR kinase domain. PLoS Med. 2(3), e73 
(2005).

nn� Seminal paper describing the development of 
a specific EGFR tyrosine kinase domain 
mutation to explain the acquired resistance 
of lung cancer cells to gefitinib and erlotinib.

18 Rosell R, Molina MA, Costa C et al.: 
Outcome to erlotinib in non‑small‑cell lung 
cancer (NSCLC) patients (p) according to the 
presence of the EGFR T790M mutation and 
BRCA1 mRNA expression levels in 
pretreatment biopsies. J. Clin. Oncol. 
28, 543S (2010) (Abstract 7514).

19 Engelman JA, Zejnullahu K, Mitsudomi T 
et al.: MET amplification leads to gefitinib 
resistance in lung cancer by activating ERBB3 
signaling. Science 316(5827), 1039–1043 
(2007).

20 Greulich H, Chen T‑H, Feng W et al.: 
Oncogenic transformation by inhibitor‑
sensitive and ‑resistant EGFR mutants. 
PLoS Med. 2, e313 (2005).

21 Kwak EL, Sordella R, Bell DW et al.: 
Irreversible inhibitors of the EGF receptor 
may circumvent acquired resistance to 
gefitinib. Proc. Natl Acad. Sci. USA 102(21), 
7665–7670 (2005).

nn� Important paper explaining the mechanism 
of action of irreversible EGFR inhibitors.



PeRsPective Bordoni

Therapy (2011) 8(1)22 future science group

22 Wiley HS: Trafficking of the ErbB receptors 
and its influence on signaling. Exp. Cell Res. 
284, 78–88 (2003).

23 Ferrer‑Soler L, Vazquez‑Martin A, Brunet J, 
Menendez JA, De Llorens R, Colomer R: An 
update of the mechanisms of resistance to 
EGFR‑tyrosine kinase inhibitors in breast 
cancer: gefitinib (Iressa)‑induced changes in 
the expression and nucleo‑cytoplasmic 
trafficking of HER‑ligands. Int. J. Mol. Med. 
20(1), 3–10 (2007). 

nn� Seminal paper explaining modulation of 
EGFR/HER2neu membrane trafficking as 
possible mechanism of resistance to first 
generation EGFR tyrosine kinase inhibitors.

24 Rabindran SK, Discafani CM, Rosfjord EC 
et al.: Antitumor activity of HKI‑272, an orally 
active, irreversible inhibitor of the HER‑2 
tyrosine kinase. Cancer Res. 64, 3958–3965 
(2004).

25 Tsou H, Overbeek‑Klumpers EG, Hallett WA 
et al.: Optimization of 6,7‑disubstituted‑
4‑(arylamino)quinoline‑3‑carbonitriles as 
orally active, irreversible inhibitors of human 
epidermal growth factor receptor‑2 kinase 
activity. J. Med. Chem. 48, 1107–1131 (2005).

26 Torrance CJ, Jackson PE, Montgomery E et al.: 
Combinatorial chemoprevention of intestinal 
neoplasia. Nat. Med. 6, 1024–1028 (2000).

27 Eskens FA, Mom CH, Planting AS et al.: 
A Phase I dose escalation study of BIBW‑2992, 
an irreversible dual inhibitor of epidermal 
growth factor receptor 1 (EGFR) and 2 
(HER2) tyrosine kinase in a 2‑week on, 2‑week 
off schedule in patients with advanced solid 
tumours. Br. J. Cancer 98(1), 80–85 (2008).

28 Li D, Ambrogio L, Shimamura T et al.: 
BIBW‑2992, an irreversible EGFR/HER2 
inhibitor highly effective in preclinical lung 
cancer models. Oncogene 27(34), 4702–4711 
(2008).

29 Minkovsky N, Berezov A: BIBW‑2992, a dual 
receptor tyrosine kinase inhibitor for the 
treatment of solid tumors. Curr. Opin. Investig. 
Drugs 9(12), 1336–1346 (2008).

30 Hurwitz E, Klapper LN, Wilchek M, Yarden Y, 
Sela M: Inhibition of tumor growth by 
poly(ethylene glycol) derivatives of anti‑ErbB2 
antibodies. Cancer Immunol. Immunother. 
49, 226–234 (2000).

31 Li D, Shimamura T, Ji H et al.: Bronchial and 
peripheral murine lung carcinomas induced by 
T790M‑L858R mutant EGFR respond to 
HKI‑272 and rapamycin combination therapy. 
Cancer Cell 12, 81–93 (2007).

32 Pao W, Wang TY, Riely GJ et al.: KRAS 
mutations and primary resistance of lung 
adenocarcinomas to gefitinib or erlotinib. 
PLoS Med. 2, e17 (2005).

33 Yap TA, Vidal L, Adam J et al.: Phase I trial 
of the irreversible EGFR and HER2 kinase 
inhibitor BIBW 2992 in patients with 
advanced solid tumors. J. Clin. Oncol. 8(25), 
3965–3972 (2010).

34 Yang C, Shih J, Chao T et al.: Use of 
BIBW‑2992, a novel irreversible EGFR/ 
HER2 TKI, to induce regression in patients 
with adenocarcinoma of the lung and 
activating EGFR mutations: preliminary 
results of a single‑arm Phase II clinical trial. 
J. Clin. Oncol. 26, 430s (2008) (Abstract 
8026).

35 Chih‑Hsin Y: BIBW 2992, a novel 
irreversible EGFR/HER2 tyrosine 
kinase inhibitor, in chemonaive patients 
with adenocarcinoma of the lung and 
activating EGFR mutations (LUX‑Lung 2). 
Presented at: 13th World Conference on
Lung Cancer. San Francisco, USA,
31 July–4 August 2009 (Oral 
Presentation 1200.22).

36 Yang C, Shih J, Su W et al.: A Phase II study 
of BIBW 2992 in patients with 
adenocarcinoma of the lung and activating 
EGFR mutations (LUX‑Lung 2). J. Clin. 
Oncol. 28, 15s (2010) (Abstract 7521). 

nn� Provides comprehensive recent clinical 
information on the activity of BIBW-2992 
in advanced non-small-cell lung 
cancer patients upon failing one line of 
induction chemotherapy.

37 Yang C, Shih J, Su W et al.: A Phase II study 
of BIBW‑2992 in Patients with 
adenocarcinoma of the lung and activating 
EGFR/HER1 mutations (LUX‑LUNG2). 
Presented at: ASCO Annual Meeting 2010. 
Chicago, IL, USA, 4–8 June 2010 
(Abstract 7521).

38 Wong KK, Fracasso PM, Bukowski RM 
et al.: HKI‑272, an irreversible pan erbB 
receptor tyrosine kinase inhibitor: 
preliminary Phase I results in patients with 
solid tumors. J. Clin. Oncol. 24, 125s (2006) 
(Abstract 3018).

39 Sequist LV, Besse B, Lynch TJ et al.: 
Neratinib, an irreversible Pan‑ErbB receptor 
tyrosine kinase inhibitor: results of a 
Phase II trial in patients with advanced 
non‑small‑cell lung cancer. J. Clin. Oncol. 
28(18), 3076–3083 (2010).

40 Besse B, Eaton KD, Soria JC et al.:
Neratinib (HKI‑272), an irreversible 
pan‑ErbB receptor tyrosine kinase inhibitor: 
preliminary results of a Phase 2 trial in 
patients with advanced non‑small‑cell lung 
cancer. Presented at: 20th Annual 
EORTC‑NCI‑AACR Symposium. Geneva, 
Switzerland, 21–24 October 2008 
(Abstract 203).

41 Miller VA, Hirsh V, Cadranel J et al.:
ESMO 2010. Phase IIB/III double‑blind 
randomized trial of afatinib (BIBW 2992, 
an irresversible inhibitor of EGFR/HER1 
and HER2) 1 best supportive care (BSC) 
versus placebo 1 BSC in patients with 
NSCLC failing 1–2 lines of chemotherapy 
and erlotinib or gefitinib (LUX‑LUNG 1). 
Ann. Oncol. 21(Suppl. 8), viii1–viii12 
(2010).

42 De Greve J, Teugels E, De Mey J et al.: 
Clinical activity of BIBW‑2992, an 
irreversible inhibitor of EGFR and HER2 in 
adenocarcinoma of the lung with mutations 
in the kinase domain of HER2neu. Presented 
at: 13th World Conference on Lung Cancer. 
San Francisco, USA, 31 July–4 August 2009 
(Abstract 1200.41). 

nn� Describes BIBW-2992 mechanism 
of action in patients with specific 
mutations in the tyrosine kinase 
intracellular domain of HER2neu, similar 
to what we know for EGF receptor tyrosine 
kinase-specific mutations.

�n Websites
101 LUX Lung 2 Phase II single arm BIBW 

2992 in NSCLC with EGFR 
activating mutations 
http://clinicaltrials.gov/ct2/show/
NCT00525148

102 BIBW2992 in Advanced (EGFR‑FISH+) 
NSCLC (Non Small Cell Lung Cancer) 
Patients 
http://clinicaltrials.gov/ct2/show/
NCT00796549

103 Miller VA: Novel irreversible EGFR tyrosine 
kinase inhibitors in non‑small‑cell lung 
cancer. InforMedical Communications, Inc 
www.informedicalcme.com/egfr/egfr‑
tyrosine‑kinase‑inhibitors/

104 BIBW 2992 and BSC versus placebo 
and BSC in non‑small cell lung cancer 
patients failing erlotinib or gefitinib 
(LUX‑LUNG 1) 
http://clinicaltrials.gov/ct2/show/
NCT00656136

105 BIBW 2992 versus chemotherapy as first 
line treatment in NSCLC with 
EGFR mutation
http://clinicaltrials.gov/ct2/show/
NCT00949650

106 LUX‑Lung 5: BIBW 2992 plus weekly 
paclitaxel versus investigator’s choice of single 
agent chemotherapy following BIBW 2992 
monotherapy in non‑small cell lung cancer 
patients failing erlotinib or gefitinib 
http://clinicaltrials.gov/ct2/show/
NCT01085136


