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Abstract Lung cancer will be diagnosed in 230,000 pa-
tients in the U.S. in 2013. Adenocarcinoma will be the most
common histology, and 10 % of lung cancers will be diag-
nosed in never or former light smokers. These patients will
be those most likely to harbor targetable mutations, in
particular, mutations in epidermal growth factor (EGFR).
Preclinical work beginning in the 1980s led to the develop-
ment of EGFR-targeted therapy in lung cancer patients.
Analysis of the responders to gefitinib and erlotinib led to
the discovery of activating mutations underlying sensitivity
to EGFR-directed treatment. Although EGFR-mutant pa-
tients have higher response rates, better quality of life, and
longer progression free survival, all patients eventually de-
velop resistance. Mutations in the tyrosine kinase domain
that render tumors resistant to erlotinib and gefitinib are the
most common mechanism of resistance. A second genera-
tion of EGFR inhibitors are now making their way to the
clinic, with hopes of thwarting these resistance mechanisms
or providing more durable responses via irreversible inhibi-
tion, as well as targeting of additional HER receptors. Here
we review the evolution of EGFR as a target in lung cancer,
and the second generation of EGFR inhibitors in
development.
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Introduction

In 2013, approximately 230,000 new cases of lung cancer
will be diagnosed, and lung cancer will cause close to
160,000 deaths [1]. 80 % of these cases will be non-small
cell lung cancer (NSCLC). Histology now plays a signifi-
cant role in the diagnosis of lung cancer, as the optimal
treatment will differ for patients with adenocarcinoma ver-
sus squamous cell carcinoma. Patients diagnosed with ade-
nocarcinoma are also more likely to harbor mutations that
could predict benefit from targeted therapy. Identification of
the activating mutations of the epidermal growth factor
(EGFR) tyrosine kinase led to the usage of EGFR tyrosine
kinase inhibitors (TKI) in the first-line treatment setting.
Integration of EGFR inhibition in this population has led
to doubling of survival rates in these patients when com-
pared to patients without activating mutations. However, all
patients eventually develop resistance, and require therapy
beyond EGFR inhibition. Building on the success of the
initial reversible EGFR TKI’s, erlotinib and gefitinib, mul-
tiple new compounds that irreversibly bind EGFR are cur-
rently in development. Here, we will review the
development of the EGFR pathway as a target in NSCLC,
establishment as a first-line therapy with EGFR TKI, devel-
opment of resistance, and the new inhibitors of EGFR that
are on the way.

EGFR Review

EGFR is a member of the ErbB, or HER, family of receptors
(EGFR, HER-2, HER-3, HER-4) [2, 3]. It is a transmem-
brane protein that has an internal tyrosine kinase domain.
Activation by one of its many ligands, such as EGF or
transforming growth factor alpha, leads to dimerization of
EGFR, either with another EGFR (homodimerization) or
one of the other receptors from the HER family
(heterodimerization), which activates the catalytic system
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of the tyrosine kinase. This results in the activation of
multiple pathways that promote survival, proliferation, an-
giogenesis and metastasis. These activities are mediated
primarily through the mitogen activated protein kinase
(MAPK) and PI3K pathways. In the mid 1980s, EGFR
was first suggested as a potential target for cancer-directed
therapy because of its overexpression in epithelial malig-
nancies [3]. Two decades of preclinical work led to multiple
agents targeting the EGFR pathway. Two monoclonal anti-
bodies, one chimeric (cetuximab) and one fully humanized
(panitumumab), were developed to block activation of
EGFR in cancer cells. Two small molecule reversible in-
hibitors of the EGFR tyrosine kinase were also developed,
one for intravenous use (gefitinib) and one orally available
(erlotinib) [2]. Further study of the EGFR pathway showed
tumor dependence on EGFR was increased in tumors with
high gene copy number and in those with activating muta-
tions [4–7].

Development of EGFR Tyrosine Kinase Inhibitors

The first generation of EGFR TKI’s moved from the bench
to the clinic around the year 2000. Gefitinib and erlotinib
both work in competitively inhibiting the ATP site of the
EGFR tyrosine kinase domain [2]. Although highly selec-
tive, this inhibition is reversible.

They were both initially studied in the second-line and
third-line setting in unselected populations of patients who
had progressed on chemotherapy.

Phase II results of gefitinib used in two studies in this
population led to Food and Drug Administration (FDA)
approval in the third-line treatment for NSCLC. Fukuoka
et al. reported their study involving 210 patients treated with
either 250 mg or 500 mg [8]. Response rates (18.4 % vs.
19 %) and symptom improvement (40 % vs. 37 %) were
similar for the two dosages, with the 250 mg group having
fewer drug-related toxicities. Kris et al, also examined these
two doses for gefinitib in patients with NSCLC previously
treated with chemotherapy [9]. Again, the lower dose was
better tolerated, with no difference in symptom reduction or
radiographic response from the higher dose. Among the
combined population, treated at both dose levels, the radio-
graphic response rate was 10 %. Response rates were noted
to be higher in patients who were women, had light or never
smoking histories, or had adenocarcinoma histology. Based
on objective response rates, the FDA granted gefitinib ac-
celerated approval for the treatment of locally advanced or
metastatic lung cancer patients who progressed following
treatment with a platin-based doublet and docetaxel [10].

Phase III investigations of gefitinib tempered the enthu-
siasm for its use in the U.S. Based on the phase II studies,
the ISEL investigators studied the effect of the 250 mg dose
of gefitinib on overall survival in a placebo-controlled trial

in patients refractory to chemotherapy [11]. Treatment with
gefitinib in the heterogeneous population was unable to
show a benefit compared to placebo, with overall survival
of 5.6 months versus 5.1, (CI 0.77–1.02) p=0.087.
However, in a preplanned subgroup analysis, patients who
were never smokers or were of Asian origin had significant-
ly longer survival (8.9 vs. 6.1 months, and 9.5 vs.
5.5 months, respectively). Maruyama et al. also studied
gefitinib compared to docetaxel in the second-line setting
[12]. The primary outcome of the study, non-inferiority of
overall survival, was not reached. Following these two
negative studies, the FDA withdrew the drug from further
use, except for patients who were deemed by their doctors to
be benefitting from treatment with gefitinib [13].

Following promising phase II data, erlotinib moved into
phase III trials in refractory NSCLC patients. In the BR.21
study, Shepard et al. studied erlotinib versus placebo in the
second-line and third-line setting [14]. This study also en-
rolled all NSCLC patients, with 50 % having adenocarcino-
ma histology, and 29.5 % of patients having squamous cell
carcinoma. Twenty-one percent of the patients were never
smokers. The results were modest, with a response rate of
only 8.9 %. The duration of response was significant,
7.9 months with erlotinib, versus 3.7 with placebo. BR.21
also achieved its primary endpoint, demonstrating a survival
benefit of 6.7 months versus 4.7 months with placebo (p<
0.001). Subgroup analyses of the responses to EGFR TKI
showed they were more likely to be in patients who were
never smokers or were light smokers, of Asian origin, and
with adenocarcinoma histology. BR.21 led to FDA approval
in the United States for erlotinib in the second-line or third-
line setting.

Identification of Activating Mutations in EGFR

Further analysis into the patients who experienced greater
responses to gefitinib led to the identification of activating
mutations that engendered sensitivity to EGFR TKI therapy.
Two groups reported on somatic mutations identified in
gefitinib responders and not present in non-responders [5,
6]. Lynch et al. performed mutational analysis of the entire
EGFR coding sequence on tumor specimens, along with
matched normal tissue from nine patients who achieved a
response with gefitinib and specimens from seven patients
treated with gefitinib who did not have a response. The
tumors from 25 patients who were not exposed to gefitinib
were also examined. The nine specimens were from patients
treated at Massachusetts General Hospital with single agent
gefitinib, and represented 36 % of their group with response
out of 275 total patients treated with gefinitib. EGFR muta-
tions were found in eight of the nine responding patients and
in zero of the seven patients who did not respond (P<
0.001). The majority of the responders were women with
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little or no smoking history, in line with the clinical charac-
teristics of the responding patients in earlier gefitinib stud-
ies. The median survival of the responding group was
18 months. The mutations discovered were all involved in
the coding of the tyrosine kinase domain of EGFR. Four of
the eight mutations involved frame deletions in exon 19.
Amino acid substitutions in exon 21 were the driving mu-
tation in three patients, two of whom had L858R, and one
with L861Q. The eighth patient was found to have a mis-
sense mutation in exon 18. Mutations in EGFR were also
identified in two of the 25 patients not treated with gefitinib.

Paez et al. made similar discoveries at the same time as
the Lynch group [6]. They first examined the tumor speci-
mens of 119 patients, 58 from Japan and 61 from Boston.
Somatic mutations were found in 15 of the 58 tumors of
Japanese patients, and in one of 61 in the Boston sample.
The mutations were similar to those identified by Lynch’s
group, involving L858R, as well as missense and deletion
mutations all within exons 18-21. Paez et al. then looked for
EGFR mutations in patients treated with gefitinib. The pa-
tients were all Caucasians from the U.S., five of whom
responded to gefinitib and four who experienced progres-
sion. All five pretreatment tumor specimens from re-
sponders showed mutations in the EGFR kinase domain,
while none of the four non-responders had mutations.

A study by Pao et al. followed shortly after demonstrat-
ing that patients experiencing greater benefit to treatment
with erlotinib also harbored these same activating mutations
[7]. Five of the seven tumors from patients who responded
to erlotinib had somatic mutations, whereas zero of ten
tumors from non-responders had them (p=0.003).

Subsequent studies have shown that deletions in exon 19
and the L858R substitution make up the majority, 85–90 %,
of activating EGFR mutations in patients responding to
EGFR TKI. These landmark discoveries paved the way for
the establishment of personalized medicine for lung cancer
patients.

The studies of Lynch and Paez showed an incidence of
EGFR mutations in their untreated patients that was similar
to the response rates seen in the initial studies of gefitinib.

Treatment Based on Phenotype and Genotype

The identification of activating mutations being the key
determinant to response to EGFR TKI launched several
phase II studies to see if prospective testing to personalize
therapy was feasible and could lead to better outcomes.
These studies were limited to patients with EGFR muta-
tions. All patients were treated with gefitinib (two studies),
or erlotinib (one study). Inoue et al. showed high response
rate, 75 %, and a progression free survival (PFS) of
9 months, in 16 patients with EGFR mutations [15]. This
compared favorably with the responses to chemotherapy in

previous studies. Sequist et al. treated 31 patients with
gefitinib with the primary outcome of response rate [16].
Thirty-four out of 98 patients were found to have EGFR
mutations. Of these, 79 % had exon 19 deletions or the
L858R mutation, the most common activating mutations.
These patients had a 55 % response rate, and also showed a
similar 9-month PFS.

Rosell et al. performed a similar prospective selection,
treating patients with erlotinib [17]. In a nationwide study
conducted by the Spanish Lung Cancer Study Group, they
screened 2,105 patients with NSCLC and identified 350
patients with activating mutations, the majority having exon
19 (62.2 %), or L858R (37.8 %) mutations. A total of 217
patients were treated with erlotinib, achieving a PFS of
14 months, and overall survival of 27 months.

Mok et al. followed up these encouraging results with a
phase III randomized trial comparing front-line treatment
with gefitinib to carboplatin and paclitaxel (First Line
Iressa versus Carboplatin/Paclitaxel in Asia [Iressa Pan-
Asia Study, IPASS]) [18•]. Although they did not prospec-
tively identify mutation status, their population was
enriched by enrolling patients with the clinical characteris-
tics that more often respond to EGFR TKI—Asians, never
or former light smokers, and the group was predominantly
female. The primary endpoint of IPASS was PFS with
overall survival (OS) as a secondary endpoint, with a pre-
planned subgroup analysis of the role of EGFR mutation on
treatment efficacy. IPASS achieved its primary endpoint,
showing an improved 12-month PFS with gefitinib treat-
ment in this enriched population, 24.9 % vs. 6.7 % for
chemotherapy, (hazard ratio [HR] for progression or death,
0.74; 95 % CI, 0.65–0.85, P<0.001). Most importantly, the
IPASS study showed that treatment with EGFR TKI should
be based on mutation status rather than clinical features. Out
of the 1,217 patients studied, EGFR mutation analysis was
available from 437 patients. Sixty percent of the tumor
specimens were positive for EGFR mutation, with the ma-
jority being exon 19 deletion or the L858R mutation.
Patients with EGFR mutations had a significantly better
PFS when treated with gefitinib compared with carboplatin
and paclitaxel (HR for progression, 0.48; 95 % CI, 0.36–
0.64; P<0.001). Conversely, those without mutations had
inferior outcomes with gefitinib, (HR 2.85; 95 % CI, 2.05–
3.98; P<0.001). The benefit of prospectively selecting pa-
tients for treatment based on EGFR mutations with gefitinib
was further demonstrated by two additional studies
performed in Asian populations [19, 20]. In the phase III
OPTIMAL study, Zhou et al. treated Chinese patients har-
boring EGFR mutations with erlotinib in the front line
setting, showing similar benefits to gefitinib in patients with
activating mutations [21]. Rosell et al. prospectively treated
European patients based on activating EGFR mutations with
erlotinib in a phase III study compared to chemotherapy
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(EURTAC) [22]. The EURTAC authors showed the benefit
of testing for EGFR in a non-Asian population. Multiple
studies have further determined significant percentages of
patients harboring activating mutations in populations that
were non-Asian, male, and had smoking histories [23–25].
This has led to the recommendation that all patients with
adenocarcinoma of the lung be tested for EGFR mutations
[26].

Although these studies led to improved PFS, as well as
quality of life, none of the studies have shown an improve-
ment in overall survival. This is most likely the result of
crossover of patients from the chemotherapy group to re-
ceive EGFR-directed therapy at the time of progression.
Because of the lack of an overall survival benefit, it is
unclear whether EGFR TKI should primarily be used in
the first line setting or after progression. The concern in-
volved with this approach is a potentially decreased re-
sponse to EGFR TKI, and the decline of patients prior to
receiving EGFR TKI. In review of the studies of gefitinib
versus chemotherapy, upwards of 30 % of patients who
received chemotherapy upfront were unable to receive this
treatment with EGFR-directed therapy [20, 22].

Resistance to EGFR TKI

Beneficial as treatment with EGFR TKI is, all patients’
tumors will eventually develop resistance. Multiple methods
of resistance have been demonstrated: development of
T790M “gatekeeper” mutation, HER2 amplification, in-
volvement of the MET pathway, and transformation into
small cell or neuroendocrine tumor [27–32].

As the response rates in patients with activating muta-
tions is not 100 %, 20–50 % of patients will have primary
resistance to EGFR TKI’s. Multiple groups have reported
various rates of the presence of T790M mutation in pre-
treatment specimens, although this could be dependent on
the method of testing [33, 34]. Alternate pathways to EGFR
may also promote tumor growth. Some patients, because of
either drug–drug interactions, or pharmacokinetics, may not
achieve the necessary drug level for inhibition of EGFR.

For those that do respond but eventually progress, multi-
ple mechanisms of resistance have been described. In up to
60 %, a secondary EGFR mutation may develop, the major-
ity of which are the T790M mutation [31]. Studying the
tumor from a patient who initially achieved a complete
response and then experienced disease progression after
2 years of treatment with gefitinib, Kobayashi et al. identi-
fied the substitution of methionine for threonine at position
790 in exon 20 of EGFR [27]. Like the activating mutations,
this mutation is in the tyrosine kinase domain, although in
this case, it leads to steric hindrance of EGFR TKI’s, and
leads to increased affinity for ATP. Pao et al. also showed
the presence of T790M in two out of five patients with

progression after initial response to TKI [35•]. Pao and his
colleagues found no evidence of T790M in 157 tumors
tested, and in only one of 1300 tumors that were analyzed
for mutations in EGFR exons 18–21. Further studies have
reported various percentages of T790M incidence, which
may depend on the testing method. The presence of pre-
treatment T790M has been shown to lead to inferior out-
comes in patients treated with EGFR TKI. It is unclear if the
T790M mutation, which leads to treatment resistance, rep-
resents the development of a new mutation, or evolution of a
resistant clone.

As T790M is not present in all resistant specimens, the
search for alternative resistance mechanisms has also iden-
tified the MET pathway as a mechanism for resistance [29,
30]. Mutations in downstream effectors of the EGFR path-
way, such as PI3-kinase, have also been shown to lead to
resistance to EGFRTKI [32]. Blockade of these pathways in
vitro has restored sensitivity to EGFR tyrosine kinase inhi-
bition in pre-clinical models. Further development may
prove that resistance can be thwarted by combination
therapies.

Second Generation EGFR TKI

The acquired resistance to EGFR TKI’s has led to the devel-
opment of second-generation compounds targeting EGFR.
Several new compounds are in various phases of develop-
ment. These compounds differ from the first generation in that
they irreversibly block EGFR via covalent binding, and most
of the drugs have selectivity for additional targets as well.

Neratinib, one of the first second generation TKI’s, is an
oral inhibitor that targets EGFR and HER2. Preclinical data
showed that covalently binding EGFR may overcome resis-
tance mediated by T790M mutation. Neratinib, at the time
HKI 272, showed efficacy in suppressing EGFR phosphor-
ylation and phosphorylation of downstream effectors in
gefitinib resistant clones [36]. A dose of 320 mg, deter-
mined in phase I testing, was used for the phase II study
of neratinib in advanced NSCLC patients [37, 38]. The
study involved three arms, patients with mutant EGFR,
wild-type EGFR with at least 12 weeks or prior treatment
with EGFR TKI, and TKI-naive patient with adenocarcino-
ma and light smoking histories. The study’s primary out-
come was response rate. Grade 3 diarrhea in 50 % of the
initial 39 patients led to dose reduction to 240 mg for all
subsequent patients enrolled. Possibly related to the de-
creased dosage, the response rate in EGFR-mutated patients
was only 3 %, and there were no responses in the other two
groups. There were also no responses seen in the 12 patients
(7 %) harboring T790M mutations. Of the total study pop-
ulation, 61 % had EGFR mutations, with the majority being
exon 19 deletions or L858R mutations. There are no current
studies investigating neratinib in patients with NSCLC.
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Afatinib is also a dual inhibitor of EGFR and HER2.
Afatinib (BIBW2992) is an orally available small molecule
tyrosine kinase inhibitor that irreversibly binds the ATP
pocket of EGFR as well as HER2. Preclinical activity was
observed in cancer cells with activating EGFR mutations,
and additionally has shown promise in the inhibition of
tumors possessing T790M mutations [39]. Following pre-
clinical and phase I work, the LUX-Lung program was
initiated [40, 41]. The LUX-Lung program, which initially
included two phase II studies and four phase III studies
investigating afatinib in different clinical situations, now
also has two additional trials.

LUX-Lung 1 was a phase IIb/III randomized, double
blind, placebo-controlled study investigating the efficacy
of afatinib in patients with prior treatment with chemother-
apy and at least 12 weeks of either erlotinib or gefitinib
[42•]. LUX-Lung 1 was an international study involving 86
centers that randomized 585 patients in a two-to-one fashion
to afatinib plus best supportive care (BSC) versus placebo
plus BSC. The feasibility of prospectively testing every
patient for mutations was decreased by the size and scope
of the study, so the investigators sought to enrich their
population by enrolling patients who had been treated on
EGFRTKI for at least 12 weeks. The two groups had similar
response rates to prior EGFR-directed therapies, 46 % and
44 %, respectively, which is more consistent with EGFR
mutated group than in previous EGFR TKI studies done on
unselected populations. The primary endpoint of LUX-Lung
1 was overall survival. This endpoint was selected because
of an expected short survival in patients who had progressed
on multiple lines of therapy. Of the 585 patients assigned to
treatment, EGFR mutation status was available on 141 pa-
tients, 93 in the afatanib group and 48 in the placebo group.
Mutation rates were similar in both groups, 67 % and 71 %,
respectively, with 79 % of the mutations being exon 19
deletion or L858R in exon 21. Eight patients were positive
for T790M, four in each group, with testing most likely
done pre-treatment. The study did not achieve its primary
endpoint, with median OS in the afatinib group being
10.8 months, and 12.0 months in the placebo group (HR
1.08, 95 % CI 0.86–1.35; p=0.74). Although there was no
crossover to afatinib, the placebo group had a higher per-
centage of patients receiving subsequent systemic therapy.
The percentage of patients in the placebo group that re-
ceived additional therapy with EGFR TKI was double the
percentage of patients in the afatinib group. The differences
in subsequent therapy were not statistically significant.
However, LUX-Lung 1 did show a significantly longer
PFS in patients treated with afatinib compared to placebo,
3.3 months versus 1.1 months (HR 0.38, 95 % CI 0.31–
0.48; p<0.0001). The most common adverse events were
diarrhea and rash, consistent with other EGFR TKIs. 38 %
of patients required a dose reduction and 10 % of patients

receiving afatinib experienced a serious adverse event.
Despite the increase in side effects, higher percentages of
patients receiving afatinib reported improvements in three
pre-specified NSCLC-related, health-related quality of life
(QoL) items. Although LUX-Lung 1 failed to achieve its
primary endpoint, it was the first study to demonstrate a
benefit in PFS, response rate (RR), and QoL in patients
previously treated with chemotherapy and to have
progressed on EGFR directed therapy [42•].

The LUX-Lung 2 trial was a phase II clinical trial single
arm trial involving patients harboring activating EGFR mu-
tations. [43]. Patients were allowed to have received no
more than one line of chemotherapy, and be naive to
EGFR-directed therapy. Overall, 61 % of 129 patients
achieved an objective response, two complete and 77 par-
tial. Those harboring the most common mutations, L858R
or deletion 19, had a response rate of 66 % (70 of 106),
whereas those with less common EGFR mutations had a
39 % response rate (nine of 23 patients). Two dose levels
were studied in LUX-Lung 2, 50 mg in 99 patients, and
40 mg in 30 patients. The response rates of the two dosages
were similar, although patients receiving the higher dose of
50 mg experienced more of the most common Grade 3
adverse events, as well as more possibly treatment-related
serious adverse events. LUX-Lung 2 established the dosage
of 40 mg to be used for future trials investigating afatinib.

Afatinib is being compared to front-line chemotherapy in
NSCLC patients harboring EGFR activating mutations in
the phase III LUX-Lung 3 trial (ClinicalTrials.gov identifier
NCT00949650). The primary outcome of the study is PFS,
with secondary outcomes looking at RR, disease control
rate, OS, and QoL measures. The trial is currently closed
to accrual, and estimated study completion date is December
2013. Results from LUX-Lung 3 were first presented at the
ASCO 2012 Annual meeting [44]. A total of 345 patients
were randomized 2:1 to afatinib or to cisplatin plus
pemetrexed. Of the patients enrolled, 72 % were Asian,
and 65 % were female. Forty-nine percent of the patients
had deletion in exon 19; 40 % with L858R, and the other
11 % having other activating mutations. Overall, treatment
with afatinib had a superior PFS compared to chemotherapy
(11.1 months vs. 6.9 months; HR 0.58, 95 % CI 0.43–0.78;
p=0.0004). In the patients with the most common activating
mutations, deletion in exon 19 and L858R, the difference
was even more pronounced, with median PFS of 13.6 vs.
6.9 months (HR 0.47, 95 % CI 0.34–0.65; p=0.0001). The
finalized results of LUX-Lung 3 are eagerly anticipated as
the response rates and PFS were very impressive, and likely
warrant FDA approval in the front-line setting for patients
with the most common mutations.

Additional studies in the LUX-Lung program, are cur-
rently accruing in different clinical scenarios. Studies are
investigating afatinib in patients with clinical resistance to
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EGFR TKI (LUX-Lung 4) (ClinicalTrials.gov identifier
NCT00711594); afatinib plus paclitaxel following progres-
sion on afatinib (LUX-Lung 5) (ClinicalTrials.gov identifier
NCT01085136); Afatanib versus cisplatin plus gemcitabine
in first line (LUX-Lung 6) (ClinicalTrials.gov identifier
NCT01121393); afatinib versus gefitinib in the front line
setting (LUX-Lung 7) (ClinicalTrials.gov identifier
NCT01466660); and afatinib in patients with squamous cell
histology (LUX-Lung 8) (ClinicalTrials.gov identifier
NCT01523587).

Also, following preclinical data showing possible syner-
gy between afatinib and other compounds in blocking can-
cer growth in cells with the T790M mutation, afatinib is also
being studied in conjunction with cetuximab, a monoclonal
an t i body t a rg e t i ng EGFR (C l i n i c a lTr i a l s . gov
identifierNCT01090011), and sirolimus, an mTOR inhibitor
(ClinicalTrials.gov identifier NCT00993499). In T790M
transgenic murine models, treatment with afatinib and
cetuximab has induced near complete responses [45]. A
phase I study of cetuximab plus afatinib in patients with
clinically defined acquired resistance was commenced.
Preliminary results presented at the American Society of
Clinical Oncology (ASCO) 2011 Annual Meeting showed
four of 13 (29 %) patients with T790M mutations treated
with the recommended phase II dosing achieving a con-
firmed partial response [46]. These encouraging results have
led to an expansion of this study.

Dacomitinib (PF-00299804) is an irreversible pan-HER
inhibitor. It acts by covalently binding the tyrosine kinase
domain of EGFR (HER1), HER2, and HER4. Dacomitinib
also has demonstrated pre-clinical efficacy in inhibiting
tumor cells with the T790M mutation [47]. The phase I
study of dacomitinib showed activity in NSCLC patients,
some of whom were previously treated with EGFR TKI, and
led to the recommended phase II dose of 45 mg [48].

Following activity seen in the phase I study, as well as a
phase II study in patients previously treated with chemo-
therapy followed by erlotinib, dacomitinib was compared to
treatment with erlotinib in patients previously treated with
chemotherapy [49•]. The primary endpoint of this study of
an unenriched population was PFS. Dacomitinib had a lon-
ger median PFS compared to erlotinib, 2.86 months vs.
1.91 months (HR 0.66l, 95 % CI, 0.47–0.91; two-sided
P=0.12). Dacomitinib is now being compared to erlotinib
in a phase III study, ARCHER 1009 (ClinicalTrials.gov
identifier NCT01360554).

Dacomitinib is also being studied in an enriched popula-
tion. A phase II, open-label trial is investigating dacomitinib
in patients with former light or never smoking histories,
patients with tumors positive for activating EGFR muta-
tions, or patients with HER 2 mutation or amplification.
Preliminary results of the patients with exon 19 or L858R
mutations treated with dacomitinib were presented at the
ASCO 2012 Annual Meeting [50]. Of the 92 patients

Table 1 Front line studies of EGFR Tyrosine Kinase Inhibitors

Drug Trial Population Comparator N RR
(%)

PFS
(Mos)

OS

Gefitinib (250 mg
IV Q 3w)

IPASS (Mok 2009) East Asian, non-smoker or
light smoker (59.7 % %
patients with EGFR mutations)

Gefitinib vs.
Carbo/paclitaxel

609 43
(71)*

5.7 18.6

608 32
(47)*

5.8 17.3

WJOG (Mitsumodi
2010)

Japanese patients harbouring
EGFR exon 19 or 21 mutations

Gefitinib vs.Cisplatin/
Docetaxel

88 62 9.2 Not

89 32 6.3 reached

NEJSG (Maemondo
2010)

Japanese patients harbouring
activating EGFR mutations
(6 % non exon 19 or L858R)

Gefitinib vs. Carbo/
paclitaxel

114 74 10.8 27.7

114 31 5.4 26.6

Erlotinib (150 mg PO
daily)

OPTIMAL
(Chou 2011)

Chinese patients with exon 19
or 21 mutations

Erlotinib vs. Carbo/
gemcitabine

83 83 13.1 Not

82 36 4.6 reached

EURTAC (Rosell
2012)

European patients with exon
19 del or L858R

Erlotinib vs. Cis or
carbo /
docetaxel or gem

86 58 9.7 19.3

87 15 5.2 19.5

Dacomitinib
(45 mg PO daily)

NCT00818441
(Kris ASCO 2012)

Patients with EGFR mutation or
clinical features; report on patients
with Exon 19 or 21 deletions (57 %
Asian)

Open label single
arm phase II

47 74 17* Not
reached

Afatanib (40 mg
PO daily)

LUX-Lung 3
(Yang ASCO 2012)

EGFR mutation positive (72 %
Asian)

Afatinib vs. Cis/
Pemetrexed

230 56 11.1 Not
reached

115 23 6.9

*Response rate in patients with EGFR mutations

Curr Oncol Rep (2013) 15:396–404 401



enrolled, 47 were found to have EGFR mutations in exon 19
or 21. Patients with activating mutations treated with
dacomitinib had a 74 % response rate (34/46 evaluable
patients). The preliminary PFS in these patients was
17 months (95 % CI: 13-24). This study shows the promise
of irreversible inhibition of EGFR in activating mutations,
and will be compared to front-line gefitinib in a phase III
s tudy, ARCHER 1050, which is opening soon
(ClinicalTrials.gov identifier NCT01774721). Table 1 lists
the front line studies of erlotinib, gefitinib, afatinib, and
dacomitinib.

Conclusions

The emergence of EGFR therapy for patients with activating
mutations has changed the course of lung cancer manage-
ment. Treatment with EGFR TKI in the frontline setting has
led to greatly prolonged PFS, as well as improved QoL, as
the therapy is less toxic in addition to being more effica-
cious. That none of the trials have demonstrated an OS
benefit has left some daylight for a discussion of timing of
therapy. A large determinant of first line treatment in some
centers hinges on the turnaround time of EGFR testing. The
IPASS study showed the detriment in attempting to treat
patients based on clinical features, as those without activat-
ing mutations should be treated initially with chemotherapy.
Studies of EGFR inhibitors in maintenance setting following
chemotherapy suggest that patients with activating mutations
will still benefit, even if they receive their personalized
therapy following chemotherapy. The concern of many
investigators is that in the patients who receive chemotherapy
initially, a clinically significant number will not receive EGFR
TKI-based therapy.

The development of resistance in all patients who receive
first generation EGFR TKI also raises the issue of whether
treatment with an irreversible EGFR TKI may lead to less
resistance and improved duration without progression. The
second generation of EGFR TKI’s, in particular afatinib and
dacomitinib, look to further change the landscape of the
treatment of patients with EGFR mutations. The niches of
these exciting therapies remains to be seen. Afatinib is
poised to be a potential alternative to chemotherapy in the
first-line setting, following its early results in the pivotal
phase III LUX-Lung 3 trial. Whether it is better than first
generation TKI is currently in the phase II setting of testing.
Afatinib also may potentially come to the clinic in a com-
bination with other targeted therapies as a way to combat
EGFR TKI resistance. To date, dacomitinib has shown its
superiority over erlotinib in the second line setting in phase
II testing, and hopes to further prove this benefit in phase III
testing. Following encouraging phase II results in the acti-
vating mutation population, dacomitinib is now being

compared to front-line gefitinib in the phase III setting.
Like dacomitinib and afatinib, which inhibit other tyrosine
kinases in addition to EGFR, many other dual inhibitors are
in the pipeline in efforts to lead to better efficacy towards
EGFR and in combating resistance. There is also a com-
pound currently in early phase testing that specifically tar-
gets the T790M mutation. Results from the second
generation EGFR TKI’s as well as these other promising
compounds look to further improve the outlook for patients
with non-small cell lung cancer.
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