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The current standard first-line treatment for patients with
locally advanced or metastatic non-small cell lung cancer
(NSCLC) harbouring an epidermal growth factor receptor
(EGFR) mutation is a first or second-generation EGFR
tyrosine kinase inhibitor (TKI) (1,2).

The first-generation EGFR TKIs, gefitinib and
erlotinib, reversibly and competitively inhibit the tyrosine
kinase domain of EGFR. Both have shown significant
improvements for response rate, progression-free survival
(PFS) and quality of life (QOL) when compared to
chemotherapy in this selected EGFR mutant NSCLC
population (3-5). However, none of these trials have
shown an overall survival (OS) benefit, possibly because
of cross-over treatments and the relatively high efficacy of
chemotherapy in this type of lung cancer. In a head-to-head
phase III comparison, both first-generation EGFR TKIs
demonstrated comparable efficacy for median PFS (13 vs.
10.4 months, HR: 0.81, P=0.108), response rates (56.3 vs.
52.3%, P=0.503) and median OS (22.9 vs. 20.1 months,
HR: 0.84; P=0.250) (6). In addition, toxicity was comparable
between the two drugs.

The second-generation EGFR TKIs, namely afatinib
and dacomitinib, are irreversible, covalent inhibitors of
EGFR and other human epidermal growth factor receptor
(HER) family members (pan-HER inhibitors). As a
consequence, both dacomitinib and afatinib also have some
therapeutic value in HER2 driven NSCLC (7-9). Although
the magnitude of the benefit is modest, these drugs offer
some prolonged relieve to individual patients when they
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have become resistant to chemotherapy (9).

In phase III trials in EGFR mutant lung cancer, afatinib
has demonstrated response rates and PFS superior to
chemotherapy in the first-line treatment of EGFR mutant
NSCLC (10,11). In a pooled analysis of these two phase
IIT trials, afatinib showed a significant improvement of
OS in patients with an exon 19 deletion compared to
chemotherapy (12).

The phase IIb Lux-Lung 7 study was the first to compare
a second-generation EGFR TKI (afatinib) with a first-
generation EGFR TKI (gefitinib) in the first-line setting
for NSCLC harbouring an activating EGFR mutation (13).
In this study afatinib lead to a statistically significant,
but clinically insignificant improvement of median PFS
(11 vs. 10.9 months, HR: 0.73, P=0.017). Interestingly, PFS
curves did further separate beyond the median PFS (>10%
improvement in 18- and 24-month PFS with afatinib vs.
gefitinib), possibly reflecting the broader and more durable
inhibitory profile of afatinib, which may also delay the
emergence of acquired resistance. However, no difference
in OS was observed between afatinib and gefitinib (27.9 vs.
24.5 months, HR: 0.86, P=0.258) (14). In addition, toxicity
was higher for patients treated with afatinib.

Dacomitinib, despite its preclinical potency as a pan-
HER TKI, much like afatinib failed to show a clinically
meaningful activity in second line after failure of first-
line EGFR TKI’s that would weigh against the increased
toxicity, mainly rash and diarrhoea (15).

The ARCHER 1050 study, recently published in
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the Lancet Oncol by Wu et al., is a phase III study which
compares dacomitinib and gefitinib (16) in the first-line
setting. In this study dacomitinib significantly improved
PES from 9.2 to 14.7 months (HR: 0.59 and P<0.0001)
when compared to gefitinib. OS data are still immature.
Treatment with dacomitinib was associated with increased
grade 3/4 toxicity and a substantial need for dose reductions
(66% vs. 8% respectively). Dacomitinib is thus the first
EGFR TKI to demonstrate a significant and clinically
meaningful superior activity regarding PFS when compared
to gefitinib, a first-generation TKI. However, given the
increased toxicity, more data will be required on OS
benefit and/or a quality of life advantages to impact clinical
practice.

These results should also be evaluated in the context of
the recent development of osimertinib, a third generation,
irreversible EGFR TKI that selectively inhibits both EGFR
TKI sensitizing and EGFR T790M resistance mutations,
with lower activity against the wild type EGFR (17). On the
basis of positive results from the AURA3 study, osimertinib
is currently approved worldwide for the treatment of
patients with metastatic T790M positive NSCLC who have
disease progression during treatment with a first or second-
generation EGFR TKI (18). Osimertinib, like the other
EGFR TKIs, has a high probability of passing the blood-
brain barrier and penetrating the central nervous system
resulting in high response rates in brain metastases (19,20).

In the FLAURA phase III study, osimertinib was
compared with upfront gefitinib/erlotinib in patients with
EGFR mutant NSCLC (19). Osimertinib significantly
improved PFS (median 18.9 vs. 10.2 months, HR: 0.46;
P<0.0001), but OS data are immature and eagerly awaited.
Importantly, osimertinib was associated with significant
lesser toxicity than erlotinib/gefitinib. Based on these data,
osimertinib is close to becoming a preferred first line EGFR
TKI for EGFR mutant NSCLC.

With the availability of multiple agents for EGFR
mutated NSCLC, treatment options need to be considered
in terms of a long-term plan to maximize survival and
QOL. Physicians should therefore consider different factors
before selecting a treatment option for EGFR mutant
NSCLC, including possible mechanisms of resistance
and subsequent treatment options, the management of
brain metastases and the tolerability profile of different
EGFR TKIs. Patients with EGFR mutated NSCLC are
particularly prone to the development of brain metastases,
which makes efficacy in patients with brain metastases
an important asset for an EGFR TKI. Both afatinib and
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osimertinib have demonstrated activity in patients with
asymptomatic brain metastases. In the LUX-Lung 3 and
6 trials, afatinib improved PFS versus chemotherapy in
patients with asymptomatic brain metastases (HR: 0.50) and
delayed central nervous system progression (21). Equally,
osimertinib significantly prolonged PFS compared with
erlotinib/gefitinib in patients with asymptomatic brain
metastases (HR: 0.47) and resulted in a lower proportion
of de novo central nervous system progression (6% vs.
15%) (19).

In the choice of the optimal treatment sequence it is
important to realize that the majority of patients with
EGFR mutated NSCLC treated with first or second-
generation EGFR TKIs will develop resistance due to a
T790M mutation, which makes them eligible for second-
line treatment with osimertinib, while the resistance
mechanisms after first line osimertinib are not fully
understood so far and appear to be heterogeneous including
novel but also mechanisms of resistance shared with the
first-generation TKI’s. One resistance mechanism is the
acquisition of a tertiary C797S mutation, which may
occur in cis or in trans. For mutations that occur in trans,
combination therapy of first and third generation EGFR
TKIs appear to be feasible and active, but mutations that
occur in cis with T790M are likely resistant to first and
second-generation (22,23) and fourth generation EGFR
TKI are being investigated (24).

In the absence of an available molecular therapy for most
of these first-and second line TKI resistance mechanisms,
platinum doublet chemotherapy should be the offered as
the optimal second line after osimertinib failure or after a
first-line TKI failure not related to a T790M mutation.

There might be some interest for a comparison of
upfront osimertinib with dacomitinib or afatinib with a
cross-over between the two arms to compare the single and
combined PFS in both arms as well as toxicity. However,
EGFR mutant NSCLC patients treated with first or
second-generation EGFR TKIs will develop mechanisms of
resistance other than T790M, such as HER2 amplification,
MET amplification, etc. Therefore, the design of such a
comparative trial might be too complicated with second line
branching based on diverse acquired resistance mechanisms.

Perhaps there is no need for such a trial. Cross-trial
comparison indicates a similar hazard ratio for both
dacomitinib and osimertinib compared to first-line
reversible EGFR TKI treatment. But osimertinib has a
more favourable toxicity profile (6,13,16,19), which has an
important impact on the QOL of the patients.
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The first-line treatment of cancer patients has the
highest impact on outcome. A fundamental principle in
oncology therefore is that patients should get the best first-
line treatment option available, defined as the most effective
treatment and, if equally effective, the best tolerated. Today
it seems that the direct and cross-trial comparisons of PFS
and tolerance in the first-line studies today guide us towards
osimertinib as the preferred first-line treatment for EGFR
mutant lung cancer.

In the future, the possible role of immunotherapy
should also be further investigated in EGFR mutant
NSCLC. Current results suggest that patients with an
EGFR mutation do not seem to benefit from single
agent programmed cell death-1 (PD-1) inhibitors such
as nivolumab and pembrolizumab (25), but efforts should
be undertaken to investigate methods that could enhance
the immunogenic potential or immune priming of these
cancers including the exploration of therapeutic vaccines
and adoptive cell therapies together with existing and novel
immune checkpoint inhibitors.

In conclusion, oncologists now have an expanding
number of first line options available for advanced EGFR
mutant NSCLC and need to consider how to use these
agents to provide the best chance of long-term progression
and overall survival while considering the relative toxicities.
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