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The availability of several EGFR tyrosine kinase inhibitors (TKIs) for the treatment of EGFR mutation-
positive NSCLC poses important questions regarding the optimum sequence of therapy. A key consid-
eration is how best to use the third-generation TKI, osimertinib. While osimertinib has demonstrated im-
pressive efficacy and tolerability in a first-line setting, there are currently no standard targeted treatment
options following progression. There is an argument, therefore, for reserving osimertinib for second-line
use in patients who acquire the T790M resistance mutation after first- or second-generation TKIs. This ar-
ticle reviews recent clinical studies that have assessed the activity of sequential EGFR TKI regimens. These
studies support the hypothesis that sequential use of EGFR TKIs represents a viable treatment option in
‘real-world’ clinical practice.
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The rapid development of treatment options for patients with EGFR mutation-positive non-small-cell lung cancer
(NSCLC) has proved to be one of the major models of a precision medicine approach in clinical oncology, and has
demonstrated the importance of identifying targetable molecular aberrations in common tumors. Only a decade
ago, the standard of care for EGFR mutation-positive NSCLC was platinum-doublet chemotherapy, and treatment
outcomes were modest at best. Nowadays, clinicians have the choice of three generations of EGFR tyrosine kinase
inhibitors (TKIs): the first-generation reversible EGFR inhibitors, erlotinib and gefitinib; the second-generation
irreversible ErbB family blockers, afatinib and dacomitinib; and the third generation, wild-type sparing, irreversible
EGFR inhibitor, osimertinib, which was originally developed to target the resistance EGFR mutation, T790M. All
of these agents have demonstrated robust clinical benefit in clinical trials, with median progression-free survival
(PFS) of approximately 9–18 months, and favorable tolerability profiles compared with previous standard treatment
options [1–11]. As well as monotherapy, physicians also have the choice of EGFR TKI combination regimens, where
appropriate. For example, randomized trials have demonstrated that the combination of erlotinib and bevacizumab
is superior to erlotinib alone [12,13]. Other potential combination regimens are emerging. Recent data from the
Phase III RELAY study have demonstrated superior PFS with erlotinib combined with the anti-VEGFR2 antibody,
ramucirumab, versus erlotinib alone (median 19.4 vs 12.4 months; p < 0.0001) [14]. Also, the recent NEJ009
trial demonstrated promising outcomes in patients receiving a combination of gefitinib and platinum-doublet
chemotherapy, achieving median overall survival (OS) of over 50 months [15].

With the approval of several EGFR TKIs for the treatment of EGFR mutation-positive NSCLC, the next
challenge that the field faces is the identification of optimal treatment strategies for individual patients with the
aim of maximizing OS. This is the most important measure of treatment efficacy in the setting of multiple lines of
treatment delivered for many patients. In recent years, a number of randomized head-to-head trials have compared
first- and second-/third-generation EGFR TKIs and demonstrated that afatinib, dacomitinib and osimertinib
all improve PFS compared with first-generation TKIs [9–11]. As third-generation TKIs spare wild-type EGFR,
they are associated with favorable tolerability compared with first-generation TKIs [11]. Second-generation TKIs,
given their broad inhibitory profile, may have more frequent side effects than other TKIs, but these are generally
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manageable with dose reduction and early treatment [16,17]. No head-to-head data currently exist that have directly
compared second- and third-generation EGFR TKIs and cross-trial comparisons are not possible, not least due
to differences in exclusion criteria. For example, both FLAURA (osimertinib vs gefitinib or erlotinib) [11] and
LUX-Lung 7 (afatinib vs gefitinib) [9] permitted the inclusion of patients with stable brain metastases whereas
ARCHER 1050 (dacomitinib vs gefitinib) did not [10]. Both osimertinib and afatinib appeared to be active against
brain metastases [18–20], indicating that, unlike first-generation EGFR TKIs, they cross the blood–brain barrier at
sufficient concentrations to be pharmacologically active. In FLAURA, the magnitude of osimertinib benefit was
virtually identical in patients with or without brain metastases [11].

Regardless of which agent is chosen as first-line therapy for EGFR mutation-positive NSCLC, acquired resistance
is inevitable. Therefore, given the broad armamentarium of treatment options, and the need for treatment sequence
to achieve prolonged OS, it is important for physicians to consider possible therapy after progression [18,21,22]. A
key question is whether it is best to utilize osimertinib as first-line therapy or retain it for second-line use. While
osimertinib demonstrated impressive first-line activity and tolerability in FLAURA (irrespective of T790M status),
no established targeted treatment options post progression have been identified yet, reflecting the heterogeneity
of its resistance mechanisms [23–25]. Conversely, the predominant mechanism of resistance to first- and second-
generation EGFR TKIs is the emergence of T790M. Osimertinib was initially approved for the treatment of
T790M-positive tumors following failure of previous EGFR TKI treatment and has demonstrated striking activity
in this setting [26–28]. Therefore, second line use of osimertinib remains a consideration. A key challenge of this
approach is to ensure that all patients who develop T790M-driven resistance are identified. Clearly, this requires
rebiopsy, and the widespread availability of sensitive T790M detection assays. However, recent developments in
liquid biopsy techniques, and improvements in next-generation sequencing assays may help facilitate sequential
EGFR TKI therapy in everyday clinical practice [29].

Recent findings support the use of ErbB family blockers in the first-line setting as a means to maximize OS.
Exploratory analysis of ARCHER 1050 demonstrated superior OS with dacomitinib versus gefitinib (median 34.1
vs 26.8 months; hazard ratio [HR]: 0.76; 95% CI: 0.58–0.99; p = 0.044) [30], which is the first time that a significant
OS benefit has been shown between different EGFR TKIs. In LUX-Lung 7, afatinib demonstrated a trend toward
improved OS versus gefitinib (median 27.9 vs 24.5 months; HR: 0.86; 95% CI: 0.66–1.12; p = 0.258) [31]. Afatinib
is also the only EGFR TKI to demonstrate a significant OS benefit versus platinum-doublet chemotherapy. In two
Phase III trials, LUX-Lung 3 and LUX-Lung 6, afatinib significantly improved OS versus pemetrexed/cisplatin
(median 33.3 vs 21.1 months; HR: 0.54; 95% CI: 0.36–0.79; p = 0.0015) and gemcitabine/cisplatin (median 31.4
vs 18.4 months; HR: 0.64; 95% CI: 0.44–0.94; p = 0.023), respectively, in prespecified analyses of patients with
Del19 mutations [32]. This may actually reflect the delivery of sequential EGFR TKIs, as over a third of patients
treated with first-line afatinib were rechallenged with another TKI [33]. Of note, in both ARCHER 1050 and the
LUX-Lung studies, very few patients received subsequent osimertinib, reflecting its limited availability at the time
of the trials.

Previous review articles have proposed the hypothesis that sequential use of EGFR TKIs, with osimertinib
reserved for second-line use, could be a viable treatment option for many patients with EGFR mutation-positive
NSCLC [18,21,22,34]. However, clinical data comparing sequential regimens remain scant. In this update article, very
recent developments are discussed in four key areas pertinent to the feasibility of sequential regimens: emerging data
on resistance mechanisms to EGFR TKIs; the latest clinical findings, from clinical trials and ‘real-world’ practice
that have assessed the efficacy and safety of sequential EGFR TKI regimens; tolerability considerations with respect
to sequential EGFR TKI regimens; potential treatment options for patients with T790M-independent resistance
mechanisms.

Mechanisms of resistance to EGFR TKIs
The predominant mechanism of resistance to first- and second-generation EGFR TKIs is the emergence of T790M,
which occurs in around 50–70% of cases [28,29,35,36]. This indicates that the majority of patients treated with these
agents would be eligible for second-line osimertinib. Until recently, few data were available regarding resistance
mechanisms to first-line osimertinib. However, further data have now become available and provide insights into
the resistance mechanisms to second- and third-generation agents, which may help inform subsequent treatment
decisions.

A number of ‘real-world’ studies corroborate the observation that T790M is a common mechanism of resistance
to afatinib. For example, in a cohort analysis undertaken in Austria, 67 patients with acquired resistance to afatinib
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were assessed for T790M by utilizing droplet-digital PCR, a sensitive liquid biopsy technique [29]. The frequency
of T790M in these patients was 73%. Of note, 31% of patients had less than ten T790M copies per milliliter,
which is considered to be below the detection threshold of several commercially available liquid biopsy assays [29].
Therefore, the relatively high frequency of T790M in this study probably reflects the sensitivity of the detection
methodology and highlights the potential benefits of further development of liquid biopsy assays for identifying
patients who could benefit from second-line osimertinib. As well as facilitating T790M testing in patients who
refuse, or are ineligible for, tissue rebiopsy, sensitive liquid biopsies may identify tumors with small numbers of
localized subclonal T790M-positive cells that could be missed by tissue biopsy. Other ‘real-world’ studies have
identified T790M as a predominant resistance mechanism in patients treated with afatinib, with a detection rate
ranging from 32 to 48% [37–39]. Few ‘real-world’ data exist that have assessed the frequency of T790M in patients
who are resistant to dacomitinib. However, preclinical data indicate that it is likely to also be the predominant
mechanism of dacomitinib resistance [40].

Resistance mechanisms to osimertinib appear to be very similar regardless of whether it is used in a first- or
second-line setting. In an analysis of plasma from 91 patients treated with first-line osimertinib in FLAURA, the
most common resistance mechanisms identified were MET amplification, identified in 15% of patients, and the
emergence of the tertiary EGFR resistance mutation, C797S, in 7% of patients [24]. Other mechanisms identified
included HER2 amplification (2%) and the emergence of PIK3CA (7%), BRAF (3%) or KRAS mutations (3%).
Notably, a putative resistance mechanism could not be identified in over 60% of the patients analyzed [24]. No
osimertinib-treated patients were found to have T790M-positive disease at the time of resistance.

In 73 patients treated with second-line osimertinib in the AURA3 study, the most common resistance mech-
anisms, based on liquid biopsy, were also MET amplification (19%) and emergence of C797S (15%) [25]. Other
mechanisms included cell-cycle gene alterations (12%), HER2 amplification (5%) and PIK3CA amplification/gene
alterations (5%). Of note, 19% of patients had more than one putative resistance mechanism. All patients with
C797S retained T790M, and the two mutations appeared in cis, which would seemingly preclude the possibility
of treating these patients with first-generation EGFR TKIs. Conversely, loss of T790M within the first weeks of
osimertinib treatment has been associated with prolonged efficacy of osimertinib [41]. In another study, an analysis
of 41 patients treated with second-line osimertinib found that 32% of patients retained T790M at the time of ac-
quired resistance [23]. Interestingly, in this study, time to treatment discontinuation was shorter in patients who lost
T790M, suggesting the emergence of pre-existing resistant clones. A number of competing resistance mechanisms
were identified, including the emergence of KRAS mutations and targetable gene fusions.

Another recent study analyzed tumor biopsy samples from 71 patients with acquired resistance to osimertinib [42].
In this study, in contrast to liquid biopsy-based studies, the most common putative resistance mechanism was
histological transformation, which was detected in 14% of samples overall, and 19% of samples from patients
treated with first-line osimertinib. Tertiary EGFR mutations were more common in patients treated with later-line
osimertinib (18%) than first-line osimertinib (6%) [42].

As the mechanisms of resistance to osimertinib are highly heterogeneous, there are no clear targeted therapy
options following treatment failure; at the moment, most patients who go on to receive subsequent therapy are
treated with chemotherapy [43]. Currently, clinical data on targeted treatment options are scarce and are largely based
on case studies or small studies. For example, observations in two patients suggest that combination of crizotinib
with osimertinib or erlotinib might overcome MET-mediated resistance [44]. Also, combination of osimertinib with
the selective RET inhibitor, BLU-667, appeared to overcome RET-mediated resistance in another two patients [45].
Another potential treatment option in the future could be fourth-generation TKIs that target tertiary EGFR
mutations like C797S [46]. Several studies, presented at ASCO 2019, reported promising preliminary activity with
novel targeted agents in patients with EGFR mutation-positive NSCLC, including patients with acquired resistance
to osimertinib, highlighting the need for patient enrollment in such ongoing clinical trials. JNJ-372 is a bispecific
antibody that binds to both EGFR and cMet, and has been shown to block ligand binding, promote receptor
degradation and trigger antibody-dependent cellular cytotoxicity in models of EGFR mutation-positive NSCLC [47].
In an ongoing, Phase I, first-in-human study (NCT02609776), JNJ-372 conferred a response rate of 28% in 116
patients with EGFR mutation-positive NSCLC, including 10/47 (21%) patients with acquired resistance to a
third-generation TKI. Of these patients, four had C797S-positive tumors, one had cMet amplification and five
did not have identifiable EGFR/cMet-dependent resistance [48]. Another ongoing Phase I trial is assessing the
anti-HER3 antibody–drug conjugate, U3-1402, in patients with T790M-negative acquired resistance to erlotinib,
gefitinib or afatinib, or acquired resistance to osimertinib (NCT03260491). In the 15 patients enrolled to date, 14
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had received osimertinib. In 13 evaluable patients, 12 patients experienced tumor shrinkage and two patients had
confirmed partial responses [49].

Several ongoing early phase clinical trials are assessing novel combination regimens, with the aim of targeting
signaling pathways implicated in osimertinib resistance. For example, the Phase II SAVANNAH trial is assess-
ing the combination of osimertinib and savolitinib in patients with MET-mediated resistance to osimertinib
(NCT03778229). Additionally, ongoing Phase I trials are assessing the combination of osimertinib with MEK,
MET, VEGFR2 or BCL-2 family inhibitors (NCT02143466, NCT02789345, NCT02520778). The results of
such trials are eagerly awaited with the hope that specific targeted regimens will become available for selected pa-
tients. However, at this time, there is an argument that osimertinib should be held back for second-line use given the
current lack of targeted treatment options following osimertinib failure. Sequential use of second-generation EGFR
TKIs, followed by osimertinib, could be the most effective way of maximizing the duration of chemotherapy-free
treatment in patients who develop T790M-mediated resistance.

Subsequent therapy after first-line TKIs: lessons from clinical trials
Post-hoc analysis of clinical trials has demonstrated the feasibility of treating patients with sequential second- and
third-generation EGFR TKIs. In a recent analysis, Park et al. assessed the uptake of, and outcomes following,
subsequent therapies in 553 patients with EGFR mutation-positive (Del19/L858R) NSCLC who received first-
line afatinib in LUX-Lung 3, 6 and 7 [33]. Notwithstanding the fact that osimertinib was not widely available when
the LUX-Lung trials were undertaken, the analysis demonstrated that most patients received at least one subsequent
line of systemic treatment following failure of afatinib. Out of the 553 patients, 394 (71%), 265 (48%) and 156
(28%) received second-, third- and fourth-line treatment, respectively, at the discretion of the treating physician.

Given the lack of availability of osimertinib at the time of these studies, and the fact that molecular testing
of tumor samples at progression/discontinuation was not mandatory or documented, it is unsurprising that the
most common postprogression therapy was platinum-based doublet chemotherapy (50% of patients), which was
predominantly received as second-line treatment [33]. Thirty-three percent of patients were treated with single-agent
chemotherapy, predominantly as third-line treatment. Other postprogression therapies included first-generation
EGFR TKIs, either as monotherapy or in combination with chemotherapy, and afatinib rechallenge. Of note,
uptake of subsequent therapy was particularly high (>80%) in countries/regions with optimized comprehensive
cancer care, such as Japan and the Far East, Western Europe and North America [33]. These observations indicate
that most patients were sufficiently fit to receive subsequent therapy following failure of afatinib. Therefore, given
high rates of T790M-mediated resistance following afatinib, the favorable tolerability profile of osimertinib, and
improvements in, and access to, molecular testing techniques, it is reasonable to conclude that many patients
presenting with EGFR mutation-positive NSCLC could potentially receive sequential afatinib and osimertinib.

Across LUX-Lung 3, 6 and 7, 37 patients received osimertinib following discontinuation of afatinib (27 in the
greater than or equal to third-line setting). Although the sample size was small, and there was an enrichment for
patients who received several lines of therapy, outcomes were encouraging. After a median follow-up of 4.7 years,
median OS had not been reached and the 4-year survival rate was approximately 90%. Median time on osimertinib
was 20.2 months. In the ten patients who received consecutive afatinib and osimertinib, median PFS-2 was
53.3 months (95% CI: 36.9–not reached) [33]. Although data are limited, outcomes in patients treated with
sequential dacomitinib and osimertinib are also encouraging. In the ARCHER 1050 trial, 50 and 62% of patients
treated with dacomitinib and gefitinib, respectively, received at least one subsequent systemic therapy [30]. As with
afatinib, the most common post-progression therapy was chemotherapy (28 and 36%, respectively). Again, few
patients received a third-generation TKI (10 and 11%, respectively), reflecting their limited availability at the time
and low uptake of T790M testing. Nevertheless, OS in these patients was encouraging (median 36.7 months in
the dacomitinib arm; median not reached in the gefitinib arm). Finally, a recent pooled analysis of the AURA
extension and AURA2 trials (n = 411), indicated that OS in patients who received sequential first-generation TKIs
and osimertinib were promising; median OS with second- or later-line osimertinib was 26.8 months [50]. Also,
post-hoc analysis of LUX-Lung 7 indicated encouraging outcomes in patients who received sequential gefitinib and
osimertinib. In the 23 patients who received this sequence, median OS was 46.0 months [31].

Together, these observations suggest that a sequential approach of first-/second-generation EGFR TKIs followed
by osimertinib could hold promise as a therapeutic strategy in patients with T790M-positive NSCLC, and could
maximize the duration of chemotherapy-free treatment. It is possible that, for many patients, holding osimertinib
back for second-line use could be more advantageous than its use in a front-line setting, given the current paucity
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of targeted treatment options following osimertinib failure. In a recent exploratory analysis of FLAURA, 59%
of patients who discontinued first-line osimertinib have, to date, received subsequent therapy, a rate that seems
somewhat below what may be expected in a real-world clinical setting; 51% of patients were still on osimertinib at
the time of the analysis [43]. Of the patients who received subsequent therapy, the most frequent treatment options
were chemotherapy (56%) followed by EGFR TKI-based regimens (35%) [43]. In the gefitinib/erlotinib arm, 61%
of patients received subsequent treatment, again below expectations. Of these patients, 43% received osimertinib
(crossover was permitted), 33% received other EGFR TKI-based regimens and only 21% received chemotherapy.
Time to discontinuation or death (median 23.0 vs 16.0 months) and PFS-2 (median not reached vs 20.0 months;
HR: 0.58; 95% CI: 0.44–0.78; p = 0.0004) were higher in patients who received subsequent therapy in the
osimertinib arm versus those in the gefitinib/erlotinib arm. While these findings might suggest that osimertinib
preserves clinical benefit beyond first progression versus first-generation EGFR TKIs, they need to be interpreted
with caution given the small proportion of patients who have received subsequent therapy to date. Furthermore,
this analysis did not compare outcomes between patients who received osimertinib in first- and second-line settings.
It remains unclear, therefore, how best to utilize osimertinib in terms of maximizing survival benefit.

Ultimately, further prospective data will be required to determine the optimal sequence of EGFR TKIs in patients
with EGFR mutation-positive NSCLC. In this regard, final OS data from FLAURA will be informative in terms
of comparing outcomes in patients who received first- and second-line osimertinib. Final OS data from the Phase
III AURA-3 trial are also keenly awaited to assess survival in patients who received second-line osimertinib. Other
trials are ongoing. The Phase II APPLE trial, for example, is assessing outcomes in patients treated with first-line
osimertinib and patients receiving sequential first- and second-line (after gefitinib) osimertinib with a primary
end point of 18-month PFS [51]. OS data from AURA3 and APPLE trials will provide valuable data in terms of
the potential use of sequential first- and third-generation EGFR TKIs. Another ongoing Phase II trial is assessing
outcomes in patients treated with intercalated osimertinib and afatinib given in 8-week cycles (WJOG10818L).
However, no prospective trials have directly compared outcomes in patients receiving sequential first-/second- and
third-generation EGFR TKIs versus patients who receive third-generation EGFR TKIs in the first line. This is
an area of unmet need and will be required to provide definitive evidence of whether it is advantageous to hold
osimertinib back for second-line use. Also the design of future studies should explore if there is any difference in
OS between patients receiving sequential first- and third-generation TKIs and those receiving sequential second-
and third-generation TKIs.

Subsequent therapy after first-line TKIs: lessons from ‘real-world’ data
As clinical trials often exclude patients with certain characteristics, for example, those with poor prognostic features
such as active brain metastases, it is becoming increasingly recognized that ‘real-world’ data can play an important
complementary role in determining the efficacy and safety of treatment regimens [52,53]. Several ‘real-world’ studies
have demonstrated encouraging clinical outcomes in patients receiving sequential EGFR TKIs. One such analysis,
the observational GioTag study, demonstrated promising activity of sequential afatinib and osimertinib in patients
with T790M-positive tumors [54]. This study, undertaken across ten countries, retrospectively reviewed medical
records of 204 patients with EGFR-TKI naive, EGFR mutation-positive NSCLC treated outside of clinical trials.
In order to minimize the impact of selection bias, inclusion was restricted to a maximum of 15 consecutive patients
from each participating center. The primary outcome was the time on treatment from the first dose of afatinib until
the last dose of osimertinib or death. The study included a proportion of patients with poor-risk features, such as
those with ECOG PS of >1 (15% of patients enrolled) and those with brain metastases (10%).

Encouragingly, the median time on treatment was over 2 years (27.6 months; 90% CI: 25.9–31.3 months;
Figure 1). The median time on afatinib treatment was 11.9 months (90% CI: 10.9–12.2 months) and the median
time on osimertinib treatment was 14.3 months (90% CI: 12.8–15.9 months). The duration of treatment was
largely consistent across patient subgroups and was particularly striking in Asian patients (46.7 months) and patients
with a Del19-activating mutation (30.3 months; Figure 1). The latter observation was of particular interest because
the emergence of T790M in Del19-positive tumors is more common (up to 75% of cases) than in L858R-positive
tumors [55]. Therefore, there is a good chance that Del19-positive patients could be eligible for osimertinib after
failure of first-line afatinib. Recently, an interim analysis of GioTag OS data was undertaken. After a median
follow-up of 30.3 months, median OS was nearly 3.5 years (41.3 months; 90% CI: 36.8–46.3; Figure 1). The
2-year OS rate was 80%. In patients with Del19-positive tumors, median OS was even higher (45.7 months; 90%
CI: 45.3–51.5) and the 2-year OS rate was 82%. A final analysis of OS is due in 2020 [56]. These findings suggest
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First-line
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Median time on treatment:
27.6 months (90% CI: 25.9–31.3) 

Overall
n = 204

Median time on treatment:
30.3 months (90% CI: 27.6–44.5) 

Del 19
n = 150

Median time on treatment:
46.7 months (90% CI: 26.8–NR) 

Asians
n = 50

10%

15%

Second-line
osimertinib

Median OS: 41.3 months
2 year OS: 80%

ECOG
PS > 1

Figure 1. Outcomes in patients treated with sequential afatinib and osimertinib in the observational GioTag study.
NR: Not reached.
Park K, Lim DW-T, Okamoto I et al., Therapeutic Advances in Medical Oncology (11) pp. 1-17, copyright C© 2019 by The Author(s).
Reprinted by Permission of SAGE Publications, Ltd.

that sequential use of afatinib and osimertinib could be an attractive option in patients with Del19-positive tumors.
Indeed, previous studies have consistently demonstrated that Del19 is a predictive biomarker in patients with
EGFR mutation-positive NSCLC treated with EGFR TKIs [57,58]. For example, it was notable that OS benefit with
afatinib versus chemotherapy in the LUX-Lung 3 and 6 trials was observed in patients with Del19-positive tumors,
but not L858R-positive tumors [32]. Based on such findings, it has been suggested that Del19- and L858R-positive
tumors should be considered as different biological disease entities, for which different therapeutic strategies could
be considered [58].

In GioTag, median time on treatment was not adversely affected by the age of patients or the presence of baseline
brain metastases. Indeed, although brain imaging was not mandatory, only 6.6% of patients treated with afatinib
were reported to have developed brain metastases. Other studies have indicated that both afatinib and osimertinib
are active in the central nervous system (CNS) and can cross the blood–brain barrier [18,19,59,60]. Consequently,
sequential treatment with these agents could potentially protect against CNS progression, which is important
because CNS involvement is a common feature of EGFR mutation-positive NSCLC [61]. Other patient subgroups
that have been poorly represented in clinical trials, such as those with ECOG PS of >2 (median of 22.2 months)
and African-Americans (median of 27.6 months) also remained on treatment for a prolonged period of time.

Other ‘real-world’ studies have assessed outcomes in patients with EGFR mutation-positive NSCLC who
received sequential EGFR TKIs. In a cohort study undertaken in Austria, 49 patients were identified who received
sequential afatinib and osimertinib [29]. Thirty six of these patients received afatinib in a first-line setting. The
duration of treatment analysis in this study was immature at the time of writing as 24 patients were still receiving
osimertinib. Nevertheless, median duration of osimertinib treatment was 14.0 months overall and was not reached
in patients who received first-line afatinib (Figure 2). The response rate to osimertinib was high; 75.5% overall
and 77.8% in patients who received first-line afatinib. It was noteworthy that in this study, which utilized a
sensitive droplet-digital PCR technique to detect T790M, response rate was independent of T790M copy number.
This indicates that heterogeneous tumors, with low numbers of T790M-positive cells at the point of acquired
resistance to afatinib, could still benefit from subsequent osimertinib, thus underpinning the importance of further
development of sensitive blood-based mutation detection assays that can be routinely implemented in the clinic.
Another retrospective analysis, undertaken in Germany, identified 141 patients with EGFR mutation-positive
NSCLC across three centers who received first- or second-generation EGFR TKIs [62]. Only 19 patients went on to
receive osimertinib, possibly reflecting its limited availability at the time. Nevertheless, OS was significantly longer
in those who received osimertinib (median 67 months) than those who did not (median 23 months; p < 0.001).
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Figure 2. Duration of osimertinib treatment in a cohort of 49 patients who received sequential afatinib and
osimertinib in Austria. (A) All patients; (B) patients who received first-line afatinib.
Reprinted by permission from Springer Nature: Targeted Oncology. Liquid-Biopsy-Based Identification of EGFR T790M
Mutation-Mediated Resistance to Afatinib Treatment in Patients with Advanced EGFR Mutation-Positive NSCLC, and
Subsequent Response to Osimertinib. Maximilian J. Hochmair, Anna Buder, Sophia Schwab et al., copyright C© 2018.

Although these studies are retrospective, and do not substitute for prospective trials, they illustrate the potential
benefits of sequential EGFR TKIs in patients who develop T790M-positive disease. However, few studies have
compared specific sequencing regimens. As described above, the majority of ‘real-world’ data have assessed sequen-
tial afatinib and osimertinib. To the best of current knowledge, no ‘real-world’ studies have assessed sequential
dacomitinib and osimertinib, probably reflecting the fact that afatinib has been available for longer than dacomi-
tinib. In addition, few studies have assessed outcomes with sequential first- and third-generation TKIs compared
with second- and third-generation TKIs. Nevertheless, one recent study indicated that the latter sequence might
be preferential to the former. In a retrospective study of 111 patients with T790M-positive NSCLC, undertaken
in Japan, the objective response rate (ORR) was significantly higher in patients who received afatinib–osimertinib
(82.9%) than gefitinib/erlotinib–osimertinib (53.9%; p = 0.0065) [63]. PFS was also longer in the former group
(median 15.7 vs 8.9 months; p = 0.195). This observation could reflect the differences in mechanism of action
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of first- and second-generation TKIs, leading to differences in the clonal evolution of tumors. Indeed, recent
preclinical data indicate that the copy number of T790M is higher in afatinib-resistant NSCLC tumor cells than
erlotinib-resistant tumor cells [64]. This implies that afatinib-treated tumors could be more homogenous than
erlotinib-treated tumors (i.e., a greater number of cells are T790M positive) at the point of acquired resistance and
are, therefore, more sensitive to subsequent osimertinib. This possibility requires further research.

Sequential regimens & tolerability considerations
A key issue when considering optimal treatment with EGFR TKIs is the tolerability profile of different agents,
and their suitability in individual patients depending on their general fitness and comorbidity status. While all
EGFR TKIs are associated with class-related adverse events (AEs), predominantly gastrointestinal and cutaneous
effects, the overall AE profile varies with different generations of TKIs. Owing to the fact that it is wild-type
sparing, osimertinib appears to have a better tolerability profile than other EGFR TKIs (though no head-to-head
comparisons of tolerability and impact on quality of life exist between osimertinib and second-generation EGFR
TKIs). In FLAURA, osimertinib was associated with lower rates of grade ≥3 AEs than erlotinib or gefitinib (34 vs
45%), with very low rates of treatment-related grade ≥3 diarrhea (2 vs 2%), rash/acne (1 vs 7%) and elevated alanine
aminotransferase (ALT) (<1 vs 8%), though certain AEs were higher with osimertinib (e.g., QT elongation: 10 vs
4%) [11]. Second-generation TKIs, on the other hand, have been associated with higher rates of certain treatment-
related grade ≥3 AEs than first-generation TKIs. In LUX Lung 7, the most common treatment-related grade ≥3
AEs with afatinib versus gefitinib were diarrhea (13 vs 1%), rash/acne (9 vs 3%) and stomatitis (4 vs 0%) [9]. In
ARCHER 1050, the most common grade ≥3 AEs with dacomitinib versus gefitinib were dermatitis acneiform (14
vs 0%), diarrhea (8 vs 1%) and paronychia (7 vs 1%) [10]. These side effects are predictable, and symptoms may be
prevented prophylactically.

The lower rates of grade ≥3 AEs with osimertinib versus other TKIs, along with the promising activity observed
in FLAURA, provide further rationale for utilizing osimertinib as a first-line treatment option. However, it
should be noted that AEs with second-generation TKIs are generally manageable and rarely lead to permanent
drug discontinuation. Indeed, discontinuation rates due to AEs with osimertinib (13%), afatinib (11%) and
dacomitinib (10%) in FLAURA, LUX-Lung 7 and ARCHER 1050 were similar [9–11]. Therefore, there is also a
case for initiating treatment with second-generation TKIs, followed by osimertinib in terms of safety, as this could
be the best approach for delaying the use of chemotherapy and its associated tolerability/quality-of-life issues for as
long as possible. Indeed, in patients with terminal NSCLC, a key consideration is the likely impact of treatment on
a patient’s health-related quality of life, which is strongly influenced by treatment-related AEs and disease-related
symptoms [65]. Over 90% of patients with advanced NSCLC have at least two disease-related symptoms, such as
dyspnea, coughing and pain. These symptoms have such a negative impact on patients’ well being that, according
to one survey, over two-thirds of patients would prefer a treatment that would improve disease-related symptoms
without prolonging their life, than vice versa [65]. As afatinib and osimertinib have both been shown to confer
a better tolerability profile, improve symptom control and improve health-related quality of life compared with
chemotherapy [66–68], it is reasonable to infer that sequential EGFR TKI therapy could have a net positive impact
on patients’ overall condition, over a longer time frame, than first-line osimertinib.

Previously reported clinical trial data have indicated that AEs with afatinib can be effectively managed with
tolerability-guided dose adjustment and/or supportive care measures, without compromising clinical activity [16,17].
These observations have recently been corroborated by ‘real-world’ analysis. In the noninterventional RealGiDo
study, the medical records of 228 patients with EGFR mutation-positive NSCLC treated with first-line afatinib
were reviewed [69]. This cohort was more representative of ‘real-world’ clinical practice than randomized trials and
included patients with poor prognostic features (e.g., 12% of patients had ECOG PS of ≥2). In RealGiDo, 31%
of patients initiated treatment on a reduced dose of 30 mg afatinib. Of the patients who started on the approved
dose of 40 mg, dose reductions were common (67%) and predominantly occurred within the first 6 months of
treatment (87%). Dose adjustment effectively reduced the frequency and intensity of AEs, and allowed the majority
of patients to remain on treatment for as long as they received clinical benefit. The discontinuation rate due to
treatment-related AEs was low (7%). Dose reduction did not appear to compromise clinical activity. Median time
to treatment failure, an end point that assesses both efficacy and tolerability in ‘real-world’ practice, was similar in
patients who remained on 40 mg for the first 6 months, those who had a dose reduction and those who received a
starting dose of 30 mg (19.5, 17.7 and 19.4 months, respectively; p = 0.543). Likewise, time to progression (TTP)
was not significantly different between the three groups (29.0, 20.0 and 25.9 months, respectively; p = 0.392).
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TTP was also consistent across most patient subgroups and was not affected by age or EGFR mutation type.
Unsurprisingly, TTP was lower in patients with ECOG PS ≥2 versus those with PS ≤1. To date, no data have
been published that have assessed the tolerability of dacomitinib in ‘real-world’ clinical practice. However, post-hoc
analysis of clinical trial data suggested similar findings as for afatinib; dose reduction did not appear to compromise
antitumor efficacy but effectively reduced the frequency and severity of AEs [70,71].

Overall, therefore, despite having poorer tolerability profiles in clinical trials, second-generation EGFR TKIs
appear to be a viable first-line treatment choice in everyday clinical practice. By monitoring for AEs, which are
largely predictable, and employing dose-adjustment protocols, most patients can remain on treatment for as long
as they achieve clinical benefit.

Treatment options for patients with T790M-negative NSCLC
Although there is accumulating evidence to suggest that reserving osimertinib for second-line use is a viable option,
one key potential drawback of this approach is that although T790M is the predominant mechanism of acquired
resistance to first- and second-generation EGFR TKIs, a proportion of patients will inevitably progress due to
T790M-independent mechanisms. These patients will not be eligible for osimertinib. Targeted treatment options
for T790M-negative tumors remain an area of unmet need, and most patients who go on to receive second-line
treatment will receive chemotherapy [72]. Nevertheless, several potential treatment modalities in this setting are
beginning to emerge.

The recent Phase III IMpower 150 trial assessed the efficacy and safety of the anti-PD-L1 antibody, ate-
zolizumab, combined with platinum-doublet chemotherapy and bevacizumab in patients with chemotherapy-naive
NSCLC [73]. Although previous immunotherapy drug trials had yielded disappointing results in patients with EGFR
mutation-positive tumors, IMpower 150 permitted the enrollment of such patients, most of whom had received
an EGFR TKI. Of interest, the atezolizumab-containing arm conferred significantly higher PFS and OS than
the control arm (chemotherapy plus bevacizumab) in patients with sensitive EGFR mutations (median PFS: 10.3
vs 6.1 months; HR: 0.41; 95% CI: 0.23–0.75; median OS: not reached vs 17.5 months; HR: 0.31; 95% CI:
0.11–0.83) [74]. These exciting findings suggest that immunotherapy combinations could have a role in patients
EGFR mutation-positive tumors following failure of first-line TKIs. An ongoing Phase III trial is assessing the
combination of pembrolizumab with chemotherapy in patients with EGFR mutation-positive tumors resistant or
refractory to EGFR TKIs (NCT03515837). Another trial is assessing the combinations of nivolumab and ipili-
mumab or chemotherapy plus nivolumab in the same setting and after the failure of osimertinib first or second line
(NCT02864251).

Another potential option in patients with T790M-negative tumors could be EGFR TKI-based combination
regimens. The Phase III IMPRESS trial assessed gefitinib plus chemotherapy in patients with EGFR mutation-
positive NSCLC who had progressed on gefitinib monotherapy. In patients with T790M-negative tumors, there
was a trend toward improved PFS versus chemotherapy alone (6.7 vs 5.4 months; HR: 0.67; 95% CI: 0.43–1.03;
p = 0.0745) [75]. Furthermore, in a Phase II trial, the combination of erlotinib and bevacizumab conferred median
PFS of 10.5 months and ORR of 79% in 72 patients with T790M-negative tumors [76]. In the recent ABC
Phase II study, the combination of afatinib and bevacizumab demonstrated promising activity with median PFS of
7.1 months and ORR of 22% in 18 patients with T790M-negative tumors [77].

Emerging data suggest that rechallenge with EGFR TKIs could have a role in patients with T790M-negative
tumors. In a recent Phase II trial, 12 patients with acquired resistance to first- or second-generation EGFR TKIs
were treated with cytotoxic agents followed by afatinib [78]. Of note, afatinib demonstrated modest clinical activity
in this setting, with an ORR of 17% and median PFS of 4.2 months. Further studies are, therefore, warranted to
further assess the concept of EGFR TKI rechallenge.

Conclusion
Recent head-to-head trials have demonstrated that second- and third-generation EGFR TKIs are preferable to
first-generation EGFR TKIs as first-line treatment for patients with EGFR mutation-positive NSCLC. However,
given the absence of prospective data, it is not clear whether it is preferable to initiate treatment with a second- or
third-generation TKI. There are arguments for both approaches. FLAURA demonstrated that first-line osimertinib
is very active in a first-line setting, with a favorable tolerability profile [11]. Furthermore, analysis of those patients
who received a subsequent EGFR TKI indicated that PFS-2 was superior in the osimertinib arm compared with
the erlotinib/gefitinib arm [43]. On the other hand, treatment options following osimertinib are not clear and most
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patients who receive subsequent therapy receive chemotherapy. Therefore, it may be preferable to reserve osimertinib
for second-line use especially as T790M appears to be the predominant mechanism of resistance to afatinib (few data
are available regarding resistance mechanisms to dacomitinib). Recent ‘real-world’ data, notably the observational
GioTag study, and subanalysis of the LUX-Lung and ARCHER 1050 trials demonstrate that sequential second-
generation EGFR TKIs and osimertinib can effectively provide prolonged periods of chemotherapy-free treatment
in patients with T790M-mediated resistance. Ultimately, prospective trials are required to compare different
sequential regimens with OS as a primary end point.

Future perspective
Since a previous review [18], several developments have provided supportive evidence for the application of sequential
second- and third-line EGFR TKI therapy. Such an approach could help to maximize OS in patients with
EGFR mutation-positive NSCLC who acquire T790M. In the future, optimization of therapy will require further
improvements in the monitoring of the molecular evolution of tumors, and mechanisms of resistance, over the
course of several lines of therapy. This could facilitate a ‘precision medicine’ approach where treatment is tailored
according to the molecular evolution of the tumor. Another area of progress appears to be the optimization of
first-line EGFR TKIs by combining with antiangiogenic agents, including bevacizumab [12,13] and, more recently,
ramucirumab [14]. Importantly, combination of EGFR TKIs with other agents does not appear to preclude access
to subsequent osimertinib. For instance, T790M-positive resistance was observed in nearly half the patients treated
with erlotinib plus ramucirumab.

At the moment, there are no prospective data that have compared OS between different sequential EGFR TKI
regimens. Final OS data from FLAURA and AURA3 will be informative, as will other ongoing trials (e.g., APPLE).
However, only AURA3 included patients who received first-line afatinib. Therefore, more trials need to be designed
and undertaken. With a personalized medicine approach, it is likely that different sequential approaches will be
required according to individual patient and disease characteristics.

Regarding the treatment of EGFR mutation-positive NSCLC, a number of areas of unmet medical need are still
to be addressed. As discussed, a key need is effective targeted treatment options following the failure of osimertinib.
A number of possibilities are currently being investigated. Clearly, further information is required regarding the
molecular mechanisms of resistance to osimertinib, as well as standardized assays that can be applied to identify these
mechanisms in everyday clinical practice. Finally, targeted treatment options for patients with T790M-independent
mechanisms of resistance need to be identified. With further progress in these areas, it is anticipated that in the
future EGFR mutation-positive NSCLC could be regarded as a chronic disease in many patients.

Executive summary

Mechanisms of resistance to EGFR tyrosine kinase inhibitors
• The emergence of T790M is the predominant mechanism of resistance to first-generation EGFR tyrosine kinase

inhibitors (TKIs) in patients with EGFR mutation-positive non-small-cell lung cancer (NSCLC).
• Recent clinical trial and ‘real-world’ data demonstrate that T790M is also the most common resistance mechanism

to afatinib.
• Resistance mechanisms to osimertinib appear to be more heterogeneous than those to first- and

second-generation EGFR TKIs. In the majority of patients, putative mechanisms of resistance have not been
identified.

• Currently no standard targeted therapy options exist following failure of osimertinib and most patients receive
chemotherapy. However, several targeted agents have recently shown promising efficacy following osimertinib in
early phase clinical trials.

Subsequent therapy after first-line TKIs: lessons from clinical trials
• Post-hoc analysis of clinical trials indicate that most patients treated with second-generation EGFR TKIs are fit

enough to receive subsequent therapy.
• Few patients treated with afatinib or dacomitinib in clinical trials received subsequent osimertinib, reflecting its

lack of availability at the time. Nevertheless, overall survival (OS) in these patients was highly encouraging.
• In FLAURA, 59% of patients received subsequent therapy following failure of osimertinib. Analysis of PFS-2 and

time to discontinuation or death suggest that osimertinib preserves clinical benefit beyond first progression
versus first-generation EGFR TKIs, but OS data are immature.

• Prospective data will be required to determine the optimal sequence of EGFR TKIs in patients with EGFR
mutation-positive NSCLC.
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Subsequent therapy after first-line TKIs: lessons from ‘real-world’ data
• Several ‘real-world’ studies have demonstrated encouraging clinical outcomes in patients receiving sequential

EGFR TKIs.
• In the observational GioTag study, a broad cohort of 204 patients with treatment-naive EGFR mutation-positive

NSCLC received sequential afatinib and osimertinib. Median time on treatment was 27.6 months overall,
30.3 months in patients with Del19 mutation-positive tumors and 46.7 months in Asian patients. Median OS was
41.3 months and the 2-year OS rate was 80%.

• Other ‘real-world’ studies, including cohort studies undertaken in Austria and Germany, illustrate the potential
benefits of sequential afatinib and osimertinib in patients who develop T790M-positive disease.

• Such an approach will require rebiopsy of tumor samples at the time of acquired resistance. Development of
sensitive blood-based assays may improve accessibility to sequential EGFR TKI regimens in everyday clinical
practice.

Sequential regimens & tolerability considerations
• Owing to the fact that it is wild-type sparing, osimertinib appears to have a better tolerability profile than other

EGFR TKIs.
• Second-generation TKIs have been associated with higher rates of certain treatment-related grade ≥3 adverse

events, such as diarrhea and rash/acne, compared with first-generation TKIs.
• These side effects are predictable, may be prevented prophylactically and can be managed with dose adjustments

without affecting treatment efficacy; hence, dose discontinuations due to treatment-related AEs are low.
• Recent ‘real-world’ observations, including the noninterventional RealGiDo study, indicate that afatinib is

tolerable in patients treated in a standard clinical practice setting.
Treatment options for patients with T790M-negative NSCLC
• One key drawback of reserving osimertinib for second-line use is that a proportion of patients, that is, those with

T790M-negative acquired resistance, may never benefit from its efficacy and safety benefits.
• While certain treatment modalities, for example, immunotherapy combinations, have shown promise in this

setting, targeted treatment options for patients with T790M-negative disease remain an unmet clinical need.
Conclusion
• Based on the FLAURA trial, there is a strong rationale for considering first-line osimertinib in patients with EGFR

mutation-positive NSCLC, given its favorable efficacy and safety.
• However, given the current paucity of targeted treatment options following its failure, it may be preferable to

reserve osimertinib for second-line use, where it has also shown strong activity in patients with T790M-positive
disease.

• The majority of tumors treated with second-generation TKIs could potentially receive second-line osimertinib,
subject to a positive T790M test.

• Recent ‘real-world’ data, notably the observational GioTag study, and subanalysis of the LUX-Lung and ARCHER
1050 trials, demonstrate that sequential second-generation EGFR TKIs and osimertinib can effectively provide
prolonged periods of chemotherapy-free treatment in patients with T790M-mediated resistance.

• Ultimately, prospective trials are required to compare different sequential regimens with OS as a primary end
point.
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