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Platinum-based doublet chemotherapy is the standard treatment for
advanced non-small-cell lung cancer, with a median survival and 1-year
survival of 8-10 weeks and 30-40%, respectively. A better knowledge
of cancer biology and mechanisms of oncogenesis has allowed the
identification of several potential molecular targets for cancer treatment,
such as VEGF, EGFR, ALK and c-MET. The identification of several factors,
including both the genetic profile of the patients and the biological
characteristics of the disease, remains crucial to the overall success of
such targeted therapies. Targeted molecular therapeutic approaches
have already become an integral part of modern state-of-the-art cancer
therapy. This review will focus on the well-characterized, therapeutically
relevant molecular events in non-small-cell lung cancer patients and
several inhibitors used in clinical practice and/or in development.
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Non-small-cell lung cancer (NSCLC), accounts for 80—-85% of all lung cancer cases
and is a major cause of death worldwide, generally with advanced disease (locally
advanced or metastatic stage) at diagnosis [1]. The palliative cytotoxic chemotherapy,
the standard of care for these patients, has added limited advances in terms of
efficacy in the last few years [2], with considerable toxicities, including neuropathy
and fatigue, which may limit dosing. The major understanding of cancer biology
and mechanisms of oncogenesis have allowed the identification of several potential
molecular targets for cancer treatment, such as VEGF, EGFR, and more recently,
ALK rearrangement and ¢-MET activation. An effective targeted therapy requires the
appropriate patient population to be selected, with identification of several factors,
including both the genetic profile of the patients and the biological characteristics of
the disease. Therefore, molecular analysis should now be considered an essential part
of pretreatment, diagnostic procedures and every effort should be made to obtain
sufficient tissue to allow testing. This review will focus on the well-characterized,
therapeutically relevant molecular events in NSCLC patients, and several inhibitors
used in clinical practice and/or in development.

Bevacizumab

Bevacizumab, a humanized monoclonal anti-VEGF antibody, has demonstrated
significant efficacy in combination with first-line platinum-based doublet chemo-
therapy in advanced NSCLC. First, in the E4599 trial, the combination of beva-
cizumab (15 mg/kg every 3 weeks) with carboplatin and paclitaxel in 878 patients
with recurrent or advanced nonsquamous NSCLC (excluding patients with a
higher risk of pulmonary bleeding: squamous cell carcinoma, brain metastases,
clinically significant hemoptysis, history of documented hemorrhagic diathesis
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or coagulopathy, therapeutic anticoagulation, agents
known to inhibit platelet function) demonstrated a
significant benefit in terms of overall survival (OS;
primary end point: 12.3 vs 10.3 weeks; p = 0.003), a
significant improvement in progression-free survival
(PES; hazard ratio [HR]: 0.66; p < 0.001), and in
objective-response rates (ORR; 35 vs 15%; p < 0.001)
(3]. Subsequently, in the explorative analysis of survival
and safety outcomes based on histology, the addition
of bevacizumab to chemotherapy was associated with
a benefit of approximately 4 weeks in term of OS in
patients with adenocarcinoma (14.2 vs 10.3 months;
HR: 0.69; 95% CI: 0.58-0.83) [4].

Second, in the AVAIL trial, bevacizumab at two
different doses (7.5 and 15 mg/kg) in association
with cisplatin plus gemcitabine statistically improved
PFS (median PFS was 6.1, 6.7 and 6.5 months in the
chemotherapy-alone, chemotherapy plus bevacizumab
7.5 mg/kg, and chemotherapy plus bevacizumab 15 mg/
kg arms, respectively) in 1043 patients with advanced
nonsquamous NSCLC (selected criteria according with
the E4599 trial) (5]. HRs of progression compared with
the control were 0.75 (95% CI: 0.62—0.91) and 0.82
(95% CI: 0.68-0.98) for the lower and higher doses of
bevacizumab, respectively. However, the PFS benefit did
not translate into a significant OS benefit, most likely
due to the large proportion of patients (61-65%) who
received post-progression treatments, confounding the
potential difference between arms [6]. In E4599 and
AVAIL, treatment with bevacizumab was associated
with higher incidence of hypertension, proteinuria and
bleeding than in the control groups, and lower rate of
severe pulmonary bleeding than that observed in the
previous Phase II trial (7).

Based on these results, bevacizumab in combination
with carboplatin plus paclitaxel was approved by the
US FDA for the first-line treatment of patients with
unresectable, locally advanced, recurrent or metastatic
nonsquamous NSCLC. Subsequently, the European
Medicines Agency has approved bevacizumab to be used
in combination with any platinum-based chemotherapy,
in the same setting of patients.

Recently, a panel of expert oncologists, pulmon-olo-
gists and radiologists reviewed the available data to
identify predictive factors for pulmonary bleeding,
confirming only squamous histology and/or a history
of grade 22 hemoptysis (22.5 ml per event) as exclusion
criteria for bevacizumab, while eligibility is not affected
by patient age, performance status (PS), anticoagula-
tion or antiplatelet therapy, cavitation and central tumor
location, brain metastases [8].

For treatment optimization, potential molecular
biomarkers were investigated in order to select patients
who are more likely to benefit from bevacizumab-based
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chemotherapy. A prospective correlative study, includ-
ing measurements of several biomarkers (VEGF pre-
treatment, bFGF, ICAM, E-selectin) in baseline and at
week 7 was conducted in the E4599 trial [9]. In this ana-
lysis, baseline VEGF levels were predictive of response
to bevacizumab: patients with high baseline levels of
plasma VEGF had an increased probability of response
to the bevacizumab in the paclitaxel-carboplatin arm,
while those with low baseline VEGF levels had similar
response rates in both arms. However, baseline VEGF
levels were not predictive of the survival benefit afforded
by the addition of bevacizumab to chemotherapy. None
of the baseline candidate biomarkers levels explored in
the BO21015 trial (bFGF, E-Selectin, ICAM, PIGF,
VEGFA, VEGFR1, VEGFR2), statistically signifi-
cantly correlated with best overall response to beva-
cizumab combined with carboplatin—gemcitabine or
carboplatin—paclitaxel in chemotherapy-naive patients
with advanced/recurrent nonsquamous NSCLC [10].
To date, there are no validated biomarkers that pre-
dict response to bevacizumab. Further identification of
blood, tissue and imaging biomarkers in relation with
clinical outcome are under investigation in exploratory
trials.

The manageable safety profile and efficacy of first-line
bevacizumab (7.5 or 15 mg/kg every 3 weeks) in combina-
tion with various standard chemotherapy regimens (gen-
erally carboplatin and cisplatin doublets), was confirmed
ina Phase IV study (Safety of Avastin in Lung), enrolling
a broad range of patients, including those receiving con-
comitant treatment, elderly patients and patients with a
PS of 2 11). The efficacy of bevacizumab-based therapy
was generally similar across chemotherapy regimens, with
the exception of patients who received non-platinum
doublets or monotherapy, who had slightly lower median
OS than patients receiving other regimens. In addition,
patients receiving taxanes in Safety of Avastin in Lung
had slightly longer median time to progression (TTP)
and OS than did those receiving nontaxanes. Median
OS (14.6 months), disease control rate (DCR: 89%) and
ORR (52%) were higher than data previously reported
in clinical trials of NSCLC (E4599 and AVAIL). How-
ever, the limitations of this study should be considered
during interpretation of the data: any information about
subsequent lines of therapy, nonstandard methods and
timing of tumor assessments and the absence of central-
ized independent efficacy evaluation [11]. Subsequently,
a preplanned subgroup analysis demonstrated a similar
clinical benefit (OS, TTP, DCR and ORR) from first-
line bevacizumab-based therapy in elderly patients (aged
>65 years) with nonsquamous NSCLC as their younger
counterparts experienced without increased toxicity [12].

To date, several trials on maintenance treatment in
advanced nonsquamous NSCLC have been performed
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or are ongoing. Based on pemetrexed benefit as continu-
ation maintenance in the AVAPERL trial, bevacizumab
and pemetrexed as maintenance in 253 patients with
advanced nonsquamous NSCLC, without progression
after first-line induction therapy (cisplatin + peme-
trexed + bevacizumab), improved median PFS by almost
50% versus bevacizumab alone (median PES from
start of first-line was 10.2 vs 6.6 months; HR: 0.50;
95% CI: 0.37-069; p < 0.001; median PFS from ran-
domization was 7.4 vs 3.7 months; HR: 0.48; 95% CI:
0.35-066; p < 0.001) (13]. OS was among secondary
end points of the trial: a preliminary analysis demon-
strated a median time of 15.7 months with bevacizumab
maintenance, with the median survival not yet reached
in patients randomized to bevacizumab + pemetrexed
(HR: 0.75; 95% CI: 0.47-1.20; p = 0.23) [13].

A Phase IIT study (‘Point Break’ study) randomized
939 untreated advanced nonsquamous NSCLC patients
to receive pemetrexed + carboplatin + bevacizumab
induction followed by pemetrexed + bevacizumab main-
tenance (arm A) or paclitaxel + carboplatin + bevaci-
zumab induction followed by bevacizumab maintenance
(arm B). This trial did not meet the primary end point of
superior OS: 12.6 months in arm A versus 13.4 months
inarm B (HR: 1.00; p = 0.949). Among secondary end
points, there was only a statistically significant improve-
ment in PES (6.0 vs 5.6 months; HR: 0.83; p = 0.012)
in arm A, while any differences were showed in terms
of ORR (34.1 vs 33.0%) and DCR (65.9 vs 69.8%).
Toxicity profiles differed between regimens: more drug-
related grade 3/4, thrombocytopenia and fatigue in arm
A, while more grade 3/4 neutropenia, febrile neutro-
penia, sensory neuropathy and grade 1/2 alopecia in
arm B [14].

An ongoing randomized Phase IIIb study is recruit-
ing patients with advanced nonsquamous NSCLC in
progression after four to six cycles of first-line treat-
ment (bevacizumab + a platinum-based doublet) and a
minimum of two cycles of bevacizumab (monotherapy)
maintenance treatment. These patients will be random-
ized to receive second-line chemotherapy alone (limited
to pemetrexed, docetaxel or erlotinib) or in combina-
tion with bevacizumab. The primary end point of this
study is OS [15].

In conclusion, the addition of bevacizumab to
first-line chemotherapy should be considered among
treatment options for selected patients with advanced
NSCLC. Moreover, several open questions are waiting
responses: currently, data of direct efficacy comparisons
between platinum-based chemotherapy plus bevaci-
zumab with newer treatment options, such as cisplatin
plus pemetrexed, are not available; the efficacy of bevaci-
zumab as maintenance therapy is still unclear; the iden-
tification of molecular biomarkers defining groups of

future science group

patients potentially benefiting from the drug are under
investigation.

EGFR inhibitors in clinical practice

m Monoclonal antibody: cetuximab

Cetuximab is a chimeric human/murine IGgl mono-
clonal antibody that selectively binds to the extracel-
lular domain of EGFR on the tumor cell, thereby
inhibiting receptor-associated tyrosine kinase activa-
tion. After promising data of a randomized Phase II
trial [16], a large randomized Phase III trial (FLEX),
assessed the efficacy of cetuximab in addition to
first-line platinum-based chemo-therapy (cisplatin/
vinorelbine) as first-line treatment in 1125 advanced
NSCLC patients with EGFR-detectable by immuno-
histochemistry (IHC) [17]. The primary end point was
OS. The combination of chemotherapy and cetuximab
demonstrated a small but statistically significant ben-
efit in OS (median 11.3 vs 10.1 months; HR: 0.871;
95% CI: 0.762-0.996; p = 0.044) with an increase in
ORR (36 vs 29%; p = 0.010), without a difference in
PFS (median 4.8 months in both groups; HR: 0.943;
95% CI: 0.825-1.077). Prolongation of survival was
achieved with an acceptable safety profile: the grade 3
acne-like rash was the main cetuximab-related adverse
event (AE) and it occurred in 10% of patients. At the
subgroup analyses, the benefit associated with cetux-
imab was independent of sex, performance status, tumor
histology and smoking status. Interestingly, the best
predictor of clinical benefit for the addition of cetux-
imab to chemotherapy appeared to be treatment-related
early acne-like skin rash: the development of a skin rash
of any grade was related to a significantly longer sur-
vival (median 15.0 vs 8.8 months; HR: 0.63; 95% CI:
0.52-0.77; p < 0.001) [18].

Subsequently, cetuximab was tested in combination
with carboplatin plus a taxane in 676 chemotherapy-
naive patients with advanced NSCLC enrolled in the
randomized Phase III trial BMS 099, without restric-
tions by histology or EGFR expression [19]. As with the
FLEX study, the addition of cetuximab to chemother-
apy was associated with a statistically significant benefit
in ORR (25.7% and 17.2%, respectively; p = 0.007)
without any improvement in the primary study end
point, PFS (median PFS 4.4 vs 4.24 months; HR:
0.902; 95% CI 0.761-1.069, p = 0.24). However, the
difference in OS was similar in both studies (approxi-
mately 1.3 month increase in median OS and 11-13%
reduction in the death risk), although in BMS099 trial
was not statistically significant [19].

In addition to EGFR expression, the predictive use of
other candidate molecular biomarkers including KRAS
mutation status, EGFR mutation status, and EGFR gene
copy number have been investigated in retro-spective
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analyses of tissue from patients enrolled in both the
FLEX study and Phase III, BMS099 study. None of
these biomarkers seemed to have a predictive role in
clinical benefit associated with the addition of cetux-
imab to chemotherapy [18]. However, in a further ana-
lysis of the FLEX-study, authors calculated an THC
score (H score) to provide a more detailed assessment
of EGFR protein expression and how this affected
response to treatment with cetuximab in patients with
advanced NSCLC. The H score takes into account the
percentage of cells (0-100%) in each intensity category
(0-3+) and computes a final score, on a continuous scale
between 0 and 300. High EGFR expression according
to a tumor IHC score of 200 or more seems to be the
only effective pretreatment biomarker so far identified
for the prediction of clinical benefit from chemotherapy
plus cetuximab in the first-line treatment of advanced
NSCLC [20].

Finally, a meta-analysis of four randomized Phase I1/
III studies involving 2018 patients (1003 patients treated
with chemotherapy + cetuximab and 1015 patients
treated with chemotherapy alone) was performed.
This meta-analysis demonstrated a significant ben-
efit for cetuximab combination over chemotherapy
alone, irrespective of which platinum doublet was used
and in all histological subtypes of NSCLC in term of
OS (HR: 0.878; 95% CI: 0.795-0.969; p = 0.010),
PFS (HR: 0.899; 95% CI: 0.814-0.993; p = 0.036),
and ORR (odds ratio: 1.463; 95% CI: 1.201-1.783;
p < 0.001) with a favorable safety profile [21].

Despite these positive results, both the FDA and the
European Medicines Agency rejected the licensing of
cetuximab in combination with chemotherapy for first-
line therapy of advanced NSCLC in consideration of
the small OS benefit and no significant prolongation
of PFS or improvement in health-related quality of life.

m EGFR tyrosine kinase inhibitors
Gefitinib
Gefitinib is a small molecule, orally active, selective and
reversible EGFR tyrosine kinase inhibitor (TKI) that
blocks the signal transduction pathways implicated in
the proliferation and survival of cancer cells. Despite
promising preclinical results, showing that EGFR-TKIs
can enhance the antitumor activity of chemotherapy, the
concomitant addition of gefitinib to first-line platinum-
based chemotherapy (gemcitabine and cisplatin [22] or
paclitaxel and carboplatin [23]) of advanced NSCLC,
followed by single-agent gefitinib until disease progres-
sion, produced negative results in two large randomized
Phase I11 trials.

Furthermore, gefitinib when administered as
single-agent in pretreated patients, demonstrated a
non-inferiority to docetaxel in terms of OS [24]. Of
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note, patients enrolled in these trials were not selected
for any clinical or molecular characteristic. In 2004,
specific activating mutations within the EGFR tyro-
sine kinase domain (deletion of exon 19 or L858R
amino acid substitutions in exon 21) were correlated
with the dramatic responses to gefitinib. These muta-
tions were found more frequently in a subpopulation
of NSCLC patients with characteristics associated
with a better treatment outcome: Asian origin, female
gender, history of never or light smoking, as well as
adenocarcinoma histology [25.26].

Based on this evidence, four randomized Phase 111
clinical trials evaluated the role of gefitinib as first-line
therapy of patients with advanced NSCLC, selected
based on clinical or molecular features [27-30].

In the first randomized Phase III trial (IPASS),
gefitinib demonstrated not only the noninferiority
but also the superiority when compared with carbo-
platin—paclitaxel in terms of PFS (HR: 0.74; 95% CI:
0.65-0.85; p < 0.001) in 1217 Asian patients with
advanced NSCLC selected on clinical, but not on
molecular, markers [27]. In all clinical subgroups, PES
was significantly longer with gefitinib than chemo-
therapy, but there was a statistically significant interac-
tion with FGFR-mutation status (p < 0.001): gefitinib
was significantly better than chemotherapy in patients
with EGFR-mutated tumors (HR for PES: 0.48; 95%
CI0.36-0.64; p < 0.0001), whereas chemotherapy was
significantly better in EGFR wild-type patients (HR
for PFS: 2.85; 95% CI: 2.05-3.98; p < 0.0001). Simi-
larly, in the mutation-positive subgroup, gefitinib dem-
onstrated a higher ORR than chemotherapy (71.2%
with gefitinib vs 47.3% with carboplatin—paclitaxel;
p < 0.001), in contrast to the mutation-negative sub-
group (1.1 [one patient] vs 23.5%; p = 0.001). How-
ever, the significant treatmentrelated differences for
PFES and ORR according to EGFR-mutation status were
not observed for OS, most likely due to the subsequent
treatments [31]. Gefitinib was superior to chemotherapy
in terms of quality of life and demonstrated a more
favorable toxicity profile. Post hoc analyses of PES by
EGFR-mutation type, confirmed exon-19 deletions and
exon-21 point mutations as the strongest predictive bio-
marker for gefitinib efficacy, independently of EGFR
gene copy number, with a slightly greater advantage in
the exon 19 deletions subgroup.

The First-SIGNAL study, similar to the IPASS, com-
pared the efficacy of gefitinib with standard chemo-
therapy as first-line treatment (gemcitabine—cisplatin)
in clinically selected Asian patients. While OS (primary
end point) was similar in both groups, failing to show
the hypothesized superiority of gefitinib compared with
chemotherapy, PES at 1 year was superior in the gefitinib
compared with chemotherapy group (20.3 and 5.0%),
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respectively) and also quality of life improved in the gefi-
tinib group. Moreover, a subgroup analysis showed an
OS of 30.6 months in EGFR-mutation-positive patients
and 18.4 months in those without mutations (HR:
0.845; p = 0.643) treated with gefitinib and a PES of 8.4
and 2.1 months, respectively (HR: 0.394; p = 0.0006);
the ORR was also dramatically better in this subgroup
of patients (84.6 and 25.9%, respectively) [23].

Two randomized Phase III studies have been per-
formed in EGFR-mutated patients with advanced
NSCLC, to compare the efficacy of gefitinib versus
chemotherapy in the first-line setting [29.30]. In the
WJTOG3405 study, gefitinib conferred longer PES and
higher ORR than first-line chemotherapy (cisplatin +
docetaxel) in a molecularly defined group of patients
with NSCLC (median PFS: 9.2 vs 6.3 months; HR:
0.489; 95% CI: 0.336-0.710; p = 0.0001; ORR: 62.1
vs 32.2%, respectively). So, the presence of EGFR muta-
tions, and not the clinical background of patients, was
related with clinical efficacy [29]. Similarly, in the NEJ002
trial, gefitinib compared with carboplatin plus paclitaxel
demonstrated a significant superiority in terms of PFS
(median PFS: 10.8 vs 5.4 months; HR: 0.30; 95% CI:
0.22-0.41; p < 0.001) and of ORR (73.7 vs 30.7%;
p < 0.001) independently of type of EGRF mutation
(exon 19 deletion or L858R point mutation), without
any difference in OS between the two treatment groups
(median OS: 30.5 months with gefitinib vs 23.6 months
with chemotherapy; p = 0.31) (30]. Therefore, these stud-
ies highlighted the role of molecularly based selection of
patients on the basis of EGFR mutation status.

Based on these results, in July 2009 gefitinib was
approved by European Medicines Agency for the treat-
ment of locally advanced or metastatic NSCLC, har-
boring EGFR-activating mutations, across all lines of
therapy.

Erlotinib
Erlotinib is another selective and reversible EGFR-TKIs
that demonstrated a significant improvement in OS
when compared with placebo in pretreated patient with
advanced NSCLC [32]. In a subsequent analysis, the
detection of EGFR mutations (exon 19 deletion and
L858R) in the BR.21 study was associated with a sig-
nificantly better response to erlotinib compared with
the wild-type, but the mutation status was not predic-
tive of OS [33]. Recently, to assess the role of erlotinib
in EGFR wild-type patients as second line, a prospec-
tive Phase I1I trial compared erlotinib with docetaxel,
demonstrating a clear superiority of chemotherapy in
term of PES [34].

After the evidence of efficacy in previously treated
patients with advanced NSCLC [32], several studies have
also evaluated erlotinib in a first-line setting. In the
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TRIBUTE [35] and TALENT [36] Phase III randomized
trials, the combination of erlotinib and concurrent plati-
num doublets (carboplatin—paclitaxel and cisplatin—
gemcitabine, respectively) did not demonstrate a sur-
vival benefit over chemotherapy alone in chemotherapy-
naive unselected advanced NSCLC patients. In another
Phase III trial in untreated advanced NSCLC patients
with a poor PS (ECOG PS 2/3 or PS 0/1 unfit for plati-
num chemotherapy), erlotinib plus best supportive care
did not improve OS versus best supportive care alone
(HR: 0.98; p = 0.77), but in subgroup analyses OS and
PES were significantly longer for females (HR: 0.75;
p =0.04 and HR: 0.64; p < 0.001, respectively) and also
DPES for adenocarcinoma histology (HR: 0.74; p = 0.03)
(37]. Similar to gefitinib, the patient selection process is
essential to identify which could gain interesting clinical
benefit by etlotinib as front-line therapy.

The first Phase I1I trial conduced on chemotherapy-
naive EGFR-mutated patients with advanced NSCLC
(OPTIMAL study) showed that erlotinib provides sig-
nificantly longer PES than chemotherapy (gemcitabine
and carboplatin) in this preselected population, pro-
longing median PFS of 8.5 months (13.1 vs 4.6 months;
HR: 0.165 95% CI: 0.10—0.26; p < 0.0001) 38]. Activat-
ing EGFR mutations were the most important factor for
therapeutic benefit with TKI in terms of PFS, irrespec-
tive of clinical characteristics (age, PS, tumor histology
or smoking status). In addition, the result in term of
ORR was higher in the erlotinib group (82 vs 36%),
similar across clinical subgroups.

Although this study included Asian patients only, the
efficacy of erlotinib was independent of ethnic origin. In
particular, in the Phase I1I study EURTAC, erlotinib com-
pared with platinum-based chemotherapy improved PFS
significantly (primary end point) also in non-Asian che-
motherapy-naive EGFR-mutated patients: median PFS of
9.7 months (95% CI: 8.4-12.3) with erlotinib compared
with 5.2 months (95% CI: 4.5-5.8) with chemotherapy
(HR: 0.37; 95% CI: 0.25-0.54; p < 0.0001). In the mul-
tivariable analysis only treatment group and PS were sig-
nificant factors for PES. Patients treated with erlotinib also
had a higher ORR (64 vs 18%), with milder side-effects
than did those treated with standard chemotherapy [39).
In contrast to OPTIMAL trial, former smokers seemed to
benefit less from erlotinib than did current smokers in the
subgroup analyses, but these results must be interpreted
with caution for the small number of patients in each
group. In the EURTAC, OS did not differ significantly
between treatment groups (median OS: 19.3 months
with erlotinib vs 19.5 months with chemotherapy group).
These data confirmed the efficacy of erlotinib in PFS and
ORR in European patients with EGFR-mutation-positive
NSCLC compared with standard chemotherapy, as in
previous studies in Asian patients [39].
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Based on these results, erlotinib, already approved
as second- or third-line without molecular restrictions,
has also recently been approved as first-line in patients
with EGFR mutations.

Irreversible EGFR-TKIs

Multiple strategies, including the development of agents
that bind irreversibly and/or inhibit multiple targets
simultaneously, are being investigated to treat NSCLCs
that are resistant to first-generation EGFR TKIs. Unlike
reversible TKIs, irreversible TKIs bind covalently at the
ATP-binding site of mutant EGFR, overcoming the
competition with ATP that becomes unfavorable to
reversible TKIs in the presence of the T790M mutation.
Among several irreversible multitargeted HER family
TKIs, neratinib (no further clinical development in
NSCLC), dacomitinib (PF00299804) and afatinib are
under clinical investigation.

Afatinib is an oral irreversible HER family inhibitor,
that binds to EGFR (HER-1), HER-2 and HER-4. The
role of afatinib (50 mg/day) in patients with NSCLC
(pretreated with one or two chemotherapy treatments
and progressed following treatment with reversible
TKIs) has been explored in a Phase ITIb/III randomized
trial, LUX-Lung 1. The study did not meet its primary
end point (OS: median OS 0.8 months for afatinib
and 12.0 months for placebo), but afatinib arm dem-
onstrated significantly better results in terms of PES
(3.3 vs 1.1 months), DCR at 8 weeks (58 vs 19%) and
ORR (7.4 vs 0.5%) than with placebo. Diarrhea and
rash/acne were the two most common side effects of afa-
tinib, effectively managed by supportive care and dose
reduction [40].

Recently, similar data in terms of PES (3.3 months)
and ORR (8%) were reported in an interim analysis
of part of a Phase III trial that assessed afatinib mono-
therapy (50 mg/day) in 1154 patients who had previously
failed to respond to chemotherapy and reversible EGFR
TKIs. After progression, patients with clinical benefit
(212 weeks) were eligible to continue afatinib (40 mg/
day) plus paclitaxel or receive investigator’s choice
chemotherapy (Part B). Results of part B are pending [41].

Interestingly, Afatinib demonstrated activity in the
first- and second-line treatment of 129 EGFR-TKIs-
naive patients with lung adenocarcinoma harboring
EGFR mutations (especially deletion 19 or L858R
mutations) [42].

LUX-Lung 3 is the largest prospective trial conducted
in 345 untreated patients with FGFR activating muta-
tions advanced adenocarcinoma, comparing afatinib
(40 mg/day) with pemetrexed—cisplatin. Treatment
with afatinib significantly prolonged PES (median PES
11.1 vs 6.9 months, with an improvement of 6.7 months
in presence of deletion 19/L858R mutations) with
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a significant improvement in ORR (56 vs 23%) and
clinical benefit (delay in time to deterioration of cancer-
related symptoms of cought and dyspnea). Most com-
mon drug-related AEs were diarrhea (95%), rash (62%)
and paronychia (57%) in the afatinib arm [43].

Ongoing trials are evaluating afatinib as a first-line
treatment in patients with advanced NSCLC with
EGFR mutations enrolled in a Chinese Phase III trial
(LUX-Lung 6, investigating the efficacy and safety of
afatinib compared with standard chemotherapy [201])
and in a Phase IIb trial (LUX-Lung 7, a investigat-
ing afatinib head-to-head vs gefitinib; [202]). Another
ongoing Phase III trial (LUX-Lung 8 [203]) is evaluat-
ing afatinib head-to-head versus erlotinib in second-line
treatment of squamous cell carcinoma of the lung.

Dacomitinib (PF00299804) is a highly selective
irreversible small-molecule inhibitor of all catalytically
active members of the HER family of tyrosine kinases.
In preclinical studies, it has demonstrated greater anti-
cancer activity in gefitinib- and erlotinib-sensitive and
-resistant cell lines and xenograft NSCLC models
(44]. Dacomitinib demonstrated antitumor activity in
Phase I and II trials, in NSCLC patients after progres-
sion with an EGFR TKI and one or more chemo-ther-
apy regimens [45-47]. Subsequently, the first trial that
directly compared an irreversible pan-HER TKI with
a reversible EGFR-selective TKI in 188 patients who
had failed at one or two chemotherapy regimens (no
prior HER-directed therapy), demonstrated improved
PES (median PFS: 2.86 vs 1.91 months; p = 0.012)
after treatment with dacomitinib (45 mg/day) over
treatment with erlotinib (150 mg/day). Some imbal-
ance between treatment arms may have influenced
these results. In the subgroup analysis, patients with
KRAS wild-type/ EGFR any-status tumors treated
with dacomitinib had a two-fold improvement
in PFS over erlotinib (PFS: 3.71 vs 1.91 months;
p = 0.006); however a significant benefit in PES was
also observed in KRAS/EGFR wild-type tumors (PES:
2.21 vs 1.84 months; p = 0.043), with no difference in
EGFR mutant patients (PFS: 7.44 months; p = 0.098).
A trend toward improved OS with dacomitinib relative
to erlotinib was observed that did not reach statistical
significance (9.53 vs 7.44 months). Common treat-
ment-related AEs were dermatologic and gastrointes-
tinal, predominantly grade 1 to 2, and more frequent
with dacomitinib [48].

These results have to be confirmed by an ongoing
Phase III trial (ARCHER 1009) in advanced NSCLC
patients previously treated with at least one prior regi-
men. The PES in all unselected population and in wild-
type KRAS patients (independently of EGFR status)
are the co-primary end points of the study, in order to
evaluate dacomitinib in all patients and, prospectively,
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the potential correlation between clinical outcome and
KRAS molecular status [49].

An ongoing Phase II trial will explore the safety and
efficacy of dacomitinib in chemotherapy-naive patients
with adenocarcinoma, former light or nonsmoking
history, EGFR mutation or HER2 amplification or
mutation [204].

c-MET inhibitors

Despite an initial response to the treatment of EGFR-
TKIs in responsive patients, most patients inevitably
acquire resistance after a progression-free period of
approximately 9-13 months [50]. Different mechanisms
have been reported to be associated with acquired resis-
tance to EGFR-TKIs such as the T790M mutation,
activation of IGFIR and particularly mesenchymal-
epithelial transition (MET) amplification and over-
expression of HGF [511. The MET-HGEF signaling
pathway can be activated by overexpression of the
ligand HGF (autocrine or paracrine stromal secretion)
or by MET overexpression, MET genomic amplifica-
tion or its activating mutations. MET amplification
rarely occurs in untreated NSCLC and is related with
poor prognosis; however, it is a resistance mechanism
in 5-20% of patients with FGFR mutations progress-
ing after initial response to TKI therapy [52]. Inhibiting
c-MET signaling is emerging as a promising strategy for
a new class of targeted lung cancer therapies and sev-
eral c-MET inhibitors are in various stages of clinical
development.

Tivantinib (ARQ 197) is an oral selective, non-ATP-
competitive ¢-MET inhibitor. Based on interesting
results in term of PES in EGFR wild-type, nonsqua-
mous cell and KRAS mutant patients, there are several
Phase IT and I11 trials of ARQ 197 in combination with
erlotinib currently being planned or performed in this
cohort of subjects [205-208].

MARQUEE is a Phase III, randomized, double-
blind, placebo-controlled trial that evaluated the effi-
cacy of tivantinib plus erlotinib versus erlotinib alone
in chemotherapy pretreated (EGFR-TKs and ¢c-MET
inhibitors-naive) patients with advanced nonsquamous
NSCLC [207]. The trial started in November 2010 but
was stopped early following a planned interim ana-
lysis, when they found that the trial would not meet
its primary end point of improved OS. Although the
interim analysis demonstrated a statistically significant
improvement in PFS in the intent-to-treat population,
this benefit did not carry over to OS.

An ongoing Phase III trial (ARQ197-006) is evaluat-
ing if the combination regimen of ARQ 197 with erlo-
tinib will improve OS compared with erlotinib mono-
therapy in a similar setting of patients enrolled in the

MARQEE trial, but with wild-type EGFR status. This
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study started in July 2011, and the final data collection
date for the primary outcome measure is December
2013 [208].

MetMADb (Onartuzumab, OA-5D5) is a potent anti-
c-MET monovalent antibody that blocks HGF bind-
ing to c-MET and HGF-induced dimerization, recep-
tor activation and downstream activity. MetMAb was
recently studied in a randomized double-blind Phase 11
study (OAM4558g) comparing MetMADb plus erlo-
tinib with placebo plus erlotinib in 137 patients with
advanced NSCLC as second- or third-line therapy.
In ab intention to treat population, the combina-
tion of MetMAbD and erlotinib failed to significantly
improve median TTP over erlotinib (2.2 vs 2.6 months;
p = 0.69) or OS (8.9 vs 7.4 months; p = 0.34). How-
ever, in the Met-diagnostic positive (Met Dx+) group
(defined as =50% of tumor cells staining 2+ or 3+
intensity for c-MET by IHC, Met Dx+), MetMAb
plus erlotinib resulted in a statistically and clinically
significant improvement in both PFS (2.9 months
in combination arm vs 1.5 months in control arm;
p = 0.04; HR: 0.53) and OS (12.6 months in combi-
nation arm vs 3.8 months in control arm; p = 0.002;
HR: 0.37) resulting in a near threefold reduction in the
risk of death. As tivantinib, the therapy was well toler-
ated and the toxicity profile was comparable between
treatment arms [S3].

MetMAD is currently being evaluated in Phase II-111
studies [209-211]. Therefore, an ongoing Phase III ran-
domized, multicenter, double-blind, placebo-controlled
study (MetLUNG study, [209]) is recruiting pretreated
patients with Met Dx+ (defined as 250% of tumor cells
staining 2 or 3+ intensity for c-MET by IHC, Met Dx+)
advanced NSCLC to evaluate efficacy and safety of
onartuzumab in combination with erlotinib. The pri-
mary end point is OS. Secondary end points include
PES, response rates, safety, patient-reported outcomes
and pharmacokinetics [209].

ALK inhibitors: crizotinib

ALK is a transmembrane protein, identified in 1994
in anaplastic large-cell lymphoma with ¢(2;5) chromo-
somal translocation as a fusion protein to nucleo-phos-
min. EML4 is a cytoplasmic protein essential for the
formation of microtubules and microtubule binding
protein [54].

The EML4-ALK fusion gene results from intra-
chromosomal rearrangement within chromosome 2
containing the amino-terminal half of EML4 and the
intracellular catalytic domain of ALK. This region of
EML4 results in constitutive dimerization of the kinase
domain of ALK with aberrant activation of downstream
signaling such as Akt, STAT3 and ERK1 and 2 involved
in the inhibition of apoptosis and the promotion of
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cellular proliferation [ss]. To date, at least 11 variants
of EML4-ALK have been reported with unclear clinical
significance: the most common variants were variant 1

(detected in 33% of NSCLC patients), which leads to
the juxtaposition of exon 13 of EML4 to exon 20 of ALK
(E13;A20) and variant 3a/b (29% of NSCLC patients),

in which exon 6 of EML4 was joined to exon 20 of ALK
(E6a/b;A20) s6]. In ALK rearranged NSCLC, EML4 is
not the exclusive fusion partner with ALK. Two other
fusions (mTFG and KIF5B) have been identified as an
ALKusion partner from NSCLC tumor samples [57:58].

The presence of these non-EML4 fusion partners for
ALK has implications for the method used for clinical
detection of ALK translocated NSCLC.

Currently, a major issue is defining the best way to
assess for the presence of ALK gene rearrangements (ALK
positivity) and the resulting aberrant ALK expression:
fuorescent 7. situ hybridization (FISH) is considered the
‘gold standard’. However, IHC and reverse transcriptase
PCR have advantages and are widely used in ongoing
research [59.60]. In the clinic, the distinction between
EML4-ALK and EGFR mutant tumors has important
therapeutic implications. Whereas EGFR mutation con-
fers sensitivity to EGFR TKIs, EML4-ALK was strongly
associated with resistance. Therefore, in these analyses
ALK rearrangements were identified as a poor predictive
marker for the EGFR TKI response. These data suggested
that patients with activating FGFR mutations, objective
responses to previous EGFR could be excluded from future
ALK screening and this could be an effective enrichment
strategy for ALK-positive cases. This result validated
the assertion that effective targeted therapy requires the
appropriate patient population to be selected [61].

ALK rearrangements in lung cancer can potentially be
targeted using specific drugs. However, EML4-ALK is a
relatively rare event in unselected NSCLC population,
closest to 2-7% in adenocarcinoma NSCLC population
(62]. Therefore, the identification of the appropriate patients
for therapy remains key to the overall success of such tar-
geted therapies. Several trials have investigated associations
between ALK fusion status and clinicopathological vari-
ables in NSCLC, showing that ALK fusion gene appears
to occur more frequently in adenocarcinoma histology, in
light (<10 pack years) or never smokers, younger age, but
rarely (<1%) in those with squamous cell carcinoma; also
the ALK fusion gene tends to occur independently from
EGFR and KRAS mutations [63,64].

At the maximum tolerated dose (MTDj; 250 mg twice
aday), in patients with ALK-positive advanced NSCLC,
crizotinib demonstrated a marked efficacy, with more
than 60% of patients having an objective response, with
responses seemingly rapid (median time to first docu-
mented objective response was 7.9 weeks) and durable
(median duration of response was 49.1 weeks).
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Visual effects, nausea, diarrhea, constipation, vom-
iting, and peripheral edema were the most common
AEs, which occurred early and seemed to improve over
time, with the exception of the treatment-emergent
edema that seemed to be a late-onset cumulative AE.
The grade 3/4 AEs were neutropenia, raised alanine
aminotransferase, hypophosphatemia and lymphope-
nia [65]. Recently, rapid-onset hypogonadism and lower
total serum testosterone levels have been noted in male
patients treated with crizotinib, probably correlated to
a central (hypothalamic or pituitary) effect [¢6].

The marked activity of crizotinib observed in a
Phase I study (¢5] has led to Phase II-III trials. PRO-
FILE 1005 is a Phase II, open-label single-arm study of
the efficacy and safety of crizotinib in 901 patients with
advanced NSCLC harboring translocation or inversion
involving the ALK gene locus detected by FISH. Crizo-
tinib demonstrated a high response rate with an ORR of
59.8% (four complete responses [CRs] and 151 partial
responses [PRs]) in 259 response-evaluable patients.
The responses occur within the first 8 weeks of treat-
ment in 71% of patients with a CR or PR (median time
to response: 6.1 weeks). Median PFS for the mature
population was 8.1 months (95% CI: 6.8-9.7) [67].

Recently, data on the registration Phase III trial
PROFILE 1007 were presented. Crizotinib was supe-
rior to standard single-agent chemotherapy (pemetrexed
or docetaxel) in terms of response (ORR: 65 vs 20%;
p < 0.0001) and PFS (median 7.7 vs 3.0 weeks;
p < 0.0001) in 347 ALK-positive advanced NSCLC
patients pretreated with first-line, platinum-based che-
motherapy. To date, data on the OS rate with the two
drugs are still immature. Interestingly, despite side
effects (diarrhea, nausea, vomiting and elevated trans-
aminases), patients still reported improved quality of
life on crizotinib compared with chemotherapy [68].

Among ongoing trials, the Phase IIT PROFILE 1014
trial is evaluating efficacy and safety of crizotinib ver-
sus pemetrexed—cisplatin or pemetrexed—carboplatin
in previously untreated patients with ALK rearranged
nonsquamous NSCLC, with PFS as primary end point.
Another ongoing Phase I trial is testing the combination
of oral/ALK inhibitor (PF-02341066) and PAN-HER
inhibitor (PF-00299804) in patients with advanced
NSCLC [69].

In addition, the combination of erlotinib with crizo-
tinib seems to be well tolerated with no unexpected AEs,
and shows signs of activity in a pretreated advanced
NSCLC enrolled in Phase I/1I study [70].

Recent retrospective analyses have indicated that
ALK-positive patients had a prolonged PFS when treated
with pemetrexed-based therapies, compared with other
molecularly defined subtypes of NSCLC patients (e.g.,
EGFR mutant, KRAS mutant, triple negative) [71]. The
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low level of thymidylate synthase expression, associated
with EML4-ALK-positive NSCLC, may have contrib-
uted to the long-term response to pemetrexed-based
chemotherapy [72].

Interestingly, clinical activity of crizotinib was also
showed in a distinct subpopulation of NSCLC patients,
with chromosomal rearrangements of the ROS! recep-
tor tyrosine kinase gene detected by FISH assay, but
negative for ALK rearrangement; the ORR was 50%
(10/20), with nine PRs and one CR [73].

In addition to crizotinib, new molecules continue
to be described, and several clinical trials are in prog-
ress. Some examples include CH5424802 (AF802) [74],
Hsp90-inhibitors, such as IPI-504 [75], AUY922 [76] and
LDK378 [77]. Among Hsp90 inhibitors, IPI-504 was the
first molecule with a demonstrated clinical activity in
NSCLC patients with ALK rearrangements enrolled in a
Phase I/11 study. However, additional research is required
to prospectively evaluate the efficacy of Hsp90 inhibition
in this setting of patients and other oncogenic driver
mutations [78]. Another highly potent HSP90 inhibitor
(AUY922), tested in an ongoing Phase II trial, regis-
tered the greatest median PFES rate at 18 weeks (45%) in
EGFR-mutated patients in progression with TKIs [76].

As has been seen with other targeted therapies,
resistance will emerge in many, if not all, patients who
demonstrate initial response to ALK inhibition. The
acquired resistance to crizotinib was due to two mecha-
nisms: ALK-dominant mechanism (novel ALK kinase
domain mutation such as L1196M and C1156Y, and/or
ALK copy number gain) that preserve the dominance
of ALK signaling in the crizotinib-resistant state [79-81];
ALK-nondominant mechanisms (different second onco-
genic drivers coexisting in the same cell with the ALK
rearrangement, including EGFR and KRAS mutations,
CNG of KIT, and ligand-driven activation of wild-type
EGFR and HER?) [79-81]. So, in order to overcome resis-
tance, in ALK-dominant situations, second-generation
ALK-TKI (LDK378), Hsp90 inhibitors (STA-9090
and IPI-504) are being explored in ongoing early-phase
clinical trials. Meanwhile, in a non--dominant situa-
tion, combination therapy with agents directed against
different drivers or nonmolecularly focused cytotoxic
chemotherapy may be required [82]. Of note, in the
pre-crizotinib setting, preliminary data suggested that
pemetrexed, alone or in combination, may be particu-
larly effective in ALK-positive NSCLC (67]. Finally,
in patients with isolated CNS progression, local CNS
therapy (e.g., radiotherapy) and continuing crizotinib
to maintain extracranial control should be considered,
while in isolated extracranial progression (so-called ‘oli-
goprogressive disease’) local ablative therapy (e.g., with
stereotactic body radiation therapy or metastasectomy)
with continuation of crizotinib should be suitable [s3].
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On 26 August 2011 the FDA granted accelerated
approval of crizotinib (Xalkori®) and on 19 July 2012
the European Medicines Agency adopted a positive
opinion, recommending the granting of a conditional
marketing authorization for crizotinib, for the treatment

of adults with previously treated ALK-positive advanced
NSCLC.

Novel potential molecular targets in NSCLC
HER2 (or ERBB-2) is a member of the EGFR family
of receptor tyrosine kinases. The homodimerization or
heterodimerization with other members of the HER
family activates various kinases, including the PI3K
pathway, MAPK pathway and the JAK/STAT pathway.
In NSCLC, HER2 is overexpressed in approximately
20% of patients, although HER2 mutations occur in
only 2%, with a similar phenotype as tumors with
EGFR mutations (adenocarcinoma, never- or light-
smokers, women and Asian patients). HER2 mutations
involve in-frame insertions in exon 20, leading to con-
stitutive activation of the receptor, and are not presented
in tumors harboring EGFR or KRAS mutations (84.85].
In vitro, cells harboring these mutations are sensitive
to TKIs targeting HER2 and EGFR but are resistant
to TKIs targeting EGFR alone [86]. A monoclonal
antibody that targets HER2, trastuzumab (herceptin)
has been tested in advanced NSCLC patients over-
expressing HER2 in a Phase II trial, in combination
with cisplatin and gemcitabine [212], and failed to show
survival benefit in all HER2 THC-positive lung can-
cers. Furthermore, HER2 3+/FISH-positive patients
may benefit from trastuzumab (response rate: 83% and
median PFS: 8.5 weeks) [87]. Trastuzumab has been
tested alone, in IHC-positive or, respectively, HER2-
mutated or -amplified NSCLC [213,214] and in combi-
nation with carboplatin and paclitaxel, with a feasible
toxicity profile [88]. Results are pending. Lapatinib
has been tested in molecularly unselected advanced
NSCLC patients, including one trial that has been
stopped for futility after interim analysis [215]. Pertu-
zumab has been tested in a Phase II trial in advanced
NSCLC patients with HER2 activation [216]. Results
are pending. Unlike a potent irreversible ErbB family
blocker, Afatinib has showed more promising results in
HER2-mutation-positive NSCLC.

B-RAF is a serine threonine kinase enzyme that links
RAS GTPase to enzymes of the MAPK family that are
known to be involved in the control of cell prolifera-
tion. BRAF mutations cause increased kinase activity
and constitutive activation of MAPK2 and MAPK3. In
NSCLC, 1-3% of adenocarcinoma show BRAF muta-
tions, which are most commonly the non-Val600Glu
mutations [89]. Interestingly, mutations in BRAF are
most likely to occur in adenocarcinomas and in former
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or current smokers, and are mutually exclusive with
EGFR and KRAS mutations, as well as ALK rearrange-
ments [90]. Several BRAF inhibitors are in early clinical
development, such as XL281 (BMS-908662; Bristol-
Myer Squibb [217]) AZD6244 (AstraZeneca [218,219]) and
GSK2118436 (GlaxoSmithKline [220]), with pending
results.

PI3Ks are a family of intracellular, heterodimeric
lipid kinases that phosphorylate the 3"hydroxyl group of
phosphatidylinositols and phosphoinositides. The PI3K
pathway regulates diverse cellular processes including
cell proliferation, survival, metabolism, apoptosis and
cell migration. PIK3 signaling is negatively regulated by
an important tumor suppressor, PTEN. Therefore, the
PIK3 pathway is frequently overactivated in NSCLC
due to three mechanisms: mutation/amplification of
EGFR, mutation or loss of PTEN and mutation of
PIK3CA.

In NSCLC, PIK3CA mutations most frequently
affect the catalytic domain encoded in exon 9 and are
found in approximately 2% of NSCLC, as frequently
in adenocarcinoma as in squamous cell carcinoma,
inducing oncogenic cellular transformation. Amplifi-
cation of PIK3CA has also been observed in NSCLC,
particularly in squamous cell carcinoma and male
patients who smoke; however, the oncogenic potential
of PIK3CA amplification alone has not yet been shown
(91]. Preclinical data suggests that coexisting KRAS and
PIK3CA mutations are associated with resistance to
PI3K/AKT/mTOR inhibitors [92].

Several inhibitors of the PIK3CA/AKT/mTOR
pathway have been tested or are currently under inves-
tigation in clinical trials (BKM120, GDC-0941, NVP-
BEZ235, XL765, X1.147, P1103 and PX-866). BKM120
is currently being evaluated for use as a single agent in
a Phase II trial in pretreated advanced NSCLC patients
with activated PI3K pathway [221) and in combination
with erlotinib in EGFR-TKI resistance patients [222].

Recently, lung adenocarcinomas were reported to
harbor novel in-frame fusion transcripts of K/F5B and
the RET oncogene (1-2% of lung adenocarcinomas
from people from Japan and the USA), involved in cell
proliferation, neuronal navigation, cell migration and
differentiation [93].

The tumorigenic potential of the RET gene rear-
rangement (KI/F5B-RET, and others, such as CCDC6-
RET and NCOA4-RET) is linked to their constitutive
ligand-independent kinase activity, similar to ALK.
Interestingly, RET fusion occurs in 1.4% (13/936) of
Chinese surgically resected NSCLCs (nine patients had
KIF5B-RET, three patients had CCDC6-RET, and one
patient had a novel NCOA4-RET fusion) and 1.7% of
lung adenocarcinomas (11/633) with identifiable clini-
copathologic characteristics (younger age, never-smoker
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status, early lymph node metastases, poor differentia-
tion, and a solid-predominant subtype). In the subco-
hort of 633 lung adenocarcinomas, all known muta-
tions and gene fusions (EGFR, KRAS, HER2, BRAF
mutations and ALK rearrangements) were mutually
exclusive, indicating the role of RET rearrangements as
driver mutations [94].

Vandetanib is a multitarget TKI (VEGFR, EGFR
and RET tyrosine kinase) with very promising results
in hereditary medullary thyroid cancer, and currently
in development in NSCLC. In several Phase II stud-
ies vandetanib was tested in different doses as mono-
therapy (MTD: 300 mg) and as a combination with
chemotherapy (MTD: 100 mg). The promising results,
in terms of PFS, of vandetanib in combination with
docetaxel in pretreated NSCLC [95], led to the design
of the ZODIAC Phase I11 study, in which the addition
of vandetanib to second-line regimen with docetaxel
increased PFS by 26%, meeting its primary end point
(4 vs 3.2 weeks; p < 0.001) [96].

Patients in the vandetanib plus docetaxel group also
had a higher ORR and longer time to deterioration
of lung-cancer symptoms than those in the placebo
group. Similar outcomes have been shown in the smaller
Phase IIT ZEAL study with combination of vandetanib
and pemetrexed versus pemetrexed alone as second
line, but there was not a significant PES prolongation
(HR: 0.86; 97.54% CI: 0.69-1.06; p = 0.108), most
likely due to the smaller size of the ZEAL trial. Van-
detanib was well tolerated with the side effects known
from both EGFR and VEGER kinase inhibitors; rash,
diarrhea and hypertension [97).

Vandetanib in combination with gemcitabine ver-
sus gemcitanine alone has been tested in a Phase II
study enrolling 124 elderly (aged 270 years) chemo-
therapy-naive patients. Despite a marginally statisti-
cally significant improvement in PFS, the study did
not meet the primary (PFS: 80% power to detect a
HR < 0.667) and secondary end points (OS, ORR
and DCR) [9s].

Two large Phase III trials evaluated vandetanib
300 mg as a monotherapy. In the ZEST trial, vande-
tanib did not improve PES in comparison with erlotinib
in 1240 pretreated patients with advanced NSCLC;
however, in a preplanned noninferiority analysis, van-
detanib and erlotinib deomonstrated equivalent efficacy
for PES and OS (99]. In addition, the ZEPHYR study
did not meet its primary objective of demonstrating
an OS benefit with vandetanib versus placebo (HR:
0.95; 95.2% CI: 0.81-1.11; p = 0.527)in patients with
advanced NSCLC who had previously failed chemo-
therapy and received treatment with an EGFR TKI,
although PFS was better with vandetanib (HR: 0.63;
95.2% CI: 0.54-0.74; p < 0.0001) [100].
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Future perspective
The discovery of multiple molecular mechanisms under-

Although targeted therapies have increased survival,
this increase has remained small. This is most likely
due to the difficulty of identifying the subset of patients
for whom targeted treatment will provide a dramatic

lying the development, progression and prognosis of lung
cancer, has created new opportunities for targeted ther-
apy. Several molecular aberrations have been identified in
NSCLC, with subsequent development of drugs targeted
to these aberrations. Some examples include gefitinib,
erlotinib, and cetuximab for the treatment of NSCLC
harboring EGFR mutation or overexpression, and crizo-  fore, clinical trials that investigate the activity of novel
tinib for the treatment of NSCLC with the EML4-ALK  agents, and incorporate patient selection based on clinical
fusion translocation oncogene. A more recent actionable

improvement in survival. A greater understanding of
tumor heterogeneity at the molecular level and tumor-
resistant mechanisms, both intrinsic and acquired, should
provide further targeted therapeutic opportunity. There-

and molecular factors, are required.
target is MET, a multifaceted receptor tyrosine kinase

within the human kinome. In addition, monoclonal anti- ~ Financial & competing interests disclosure
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association with chemotherapy platinum based on first-
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Executive summary

Bevacizumab

m The addition of bevacizumab to first-line chemotherapy should be considered among treatment options for selected patients
with advanced non-small-cell lung caner (NSCLC). However, the identification of molecular biomarkers defining groups of
patients potentially benefiting from the drug are under investigation.

apart from those disclosed. No writing assistance was utilized in the

production of this manuscript.

Reversible EGFR tyrosine kinase inhibitor

m Gefitinib is approved for the treatment of locally advanced or metastatic NSCLC with sensitizing mutations of the EGFR gene,
across all lines of therapy, while erlotinib, already approved as second- or third-line without molecular restrictions, has also
recently been approved as first-line treatment in patients with EGFR mutations.

Overcome resistance to reversible EGFR tyrosine kinase inhibitor

m Multiple strategies are being investigated to treat NSCLCs that are resistant to first-generation EGFR tyrosine kinase inhibitors,
such as irreversible EGFR tyrosine kinase inhibitors (afatinib, dacomitinib) and MET inhibitors (tivantinib, MetMADb).

ALK-inhibitors

m In consideration of the superiority of crizotinib to standard single-agent chemotherapy in terms of response and progression-
free survival in pretreated ALK-positive advanced NSCLC patients, the European Medicines Agency adopted a positive opinion,
recommending the granting of a conditional marketing authorization for crizotinib in this setting of patients.

Novel potential molecular targets in NSCLC

= New molecular pathways and their targeted inhibitors are under investigation, such as HER2, B-RAF, PI3K and RET.
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