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A B S T R A C T

Objectives: With the availability of several epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors
(TKIs), sequential therapy could potentially render EGFR mutation-positive non-small cell lung cancer a chronic
disease in some patients. In this retrospective analysis of EGFR mutation-positive (Del19/L858R) patients re-
ceiving first-line afatinib in LUX-Lung 3, 6, and 7, we assessed uptake of, and outcomes following, subsequent
therapies including the third-generation EGFR TKI, osimertinib.
Methods: Post-progression therapy data were prospectively collected during follow-up. Molecular testing of
tumours at progression/discontinuation of afatinib was not mandatory. Duration of subsequent therapies, and
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survival following osimertinib, were calculated with Kaplan–Meier estimates.
Results: Among 553 patients who discontinued first-line afatinib, second-, third- and fourth-line therapy was
administered in 394 (71%), 265 (48%), and 156 (28%) patients. The most common post-progression therapy was
platinum-based chemotherapy (46%). Thirty-seven patients received subsequent osimertinib, 10 as second-line
treatment. Median progression-free survival on afatinib in these 37 patients was 21.9 months. Median duration
of osimertinib therapy was 20.2 months; median overall survival was not reached after a median follow-up of 4.7
years.
Conclusions: Most patients treated with first-line afatinib received subsequent therapy. Although limited by
sample size, enrichment, and a retrospective nature, data from patients who received sequential afatinib and
osimertinib are encouraging, warranting further investigation.

1. Introduction

The development of several highly effective epidermal growth
factor receptor (EGFR) tyrosine kinase inhibitors (TKIs), along with
expanding knowledge about mechanisms of acquired resistance and
tumour evolution offers the possibility of sequential therapy in patients
with EGFR mutation-positive non-small cell lung cancer (NSCLC).
Currently, the optimal sequence of therapy is unknown. Five EGFR TKIs
are available: the first-generation reversible TKIs, erlotinib and gefi-
tinib; the second-generation irreversible ErbB family blockers, afatinib
and dacomitinib; and the third-generation EGFR-wild-type sparing, ir-
reversible TKI, osimertinib. Recent head-to-head prospective trials have
demonstrated that first-line afatinib [1], dacomitinib [2], and osi-
mertinib [3] are associated with improved progression-free survival
(PFS) versus first-generation TKIs. Moreover, exploratory analysis of
the ARCHER 1050 trial demonstrated a significant improvement in
overall survival (OS) with dacomitinib versus gefitinib (HR: 0.76; 95%
CI: 0.58‒0.99) [4]. In the LUX-Lung 7 trial, there was a non-significant
trend towards improved OS with afatinib versus gefitinib (HR: 0.86;
95% CI: 0.66–1.12) [5]; OS data from the FLAURA trial (osimertinib
versus gefitinib/erlotinib) are currently immature [3]. No prospective
data are available that have compared second- and third-generation
EGFR TKIs in a first-line setting, so it is unknown which treatment re-
gimen is likely to provide the longest overall survival (OS).

The likely availability and uptake of subsequent treatment options is
an important factor when considering first-line therapy for EGFR mu-
tation-positive NSCLC. Regardless of which EGFR TKI is used as first-
line treatment, it seems inevitable that tumours acquire resistance to
therapy. The most common resistance mechanism, identified in
∼50–70% of tumours treated with gefitinib, erlotinib, and afatinib, is
the emergence of the ‘gatekeeper’ T790M mutation in exon 20 of EGFR
[6]. Osimertinib was initially developed to target T790M-positive tu-
mours and has demonstrated striking efficacy as a second-line option in
this setting [7]. However, mechanisms of resistance to osimertinib ap-
pear to be very heterogeneous [8], so targeted treatment options be-
yond osimertinib are uncertain at this time.

In this study, we have undertaken a retrospective analysis of pa-
tients with EGFR mutation-positive NSCLC who were treated with first-
line afatinib in the randomised LUX-Lung 3, 6, and 7 trials. The aim of
the study was to assess the uptake of, and clinical outcomes following,
subsequent lines of therapy in these patients, with a particular focus on
those who received subsequent osimertinib.

2. Patients and methods

2.1. Study design and patients

Detailed study designs, patient inclusion/exclusion criteria, and
methods of the primary analyses of LUX-Lung 3, 6, and 7 have been
published [1,9,10]. In brief, LUX-Lung 3 and 6 were randomised, open-
label, phase III studies; LUX-Lung 7 was a randomised, open-label,
phase IIb study. Eligible patients had previously untreated stage IIIB/IV
lung adenocarcinoma harbouring centrally confirmed EGFR mutations

(common mutations only [Del19 or L858R] in LUX-Lung 7) based on
analysis of biopsy tissue using a validated test kit (Therascreen EGFR
29; Qiagen, Manchester, UK). Patients had Eastern Cooperative On-
cology Group performance status of 0 or 1 and measurable disease
according to Response Evaluation Criteria in Solid Tumors version 1.1.
In all three studies, patients with clinically asymptomatic and con-
trolled brain metastases (stable for ≥ 4 weeks and/or asymptomatic
and/or not requiring treatment with anticonvulsants or steroids and/or
no leptomeningeal disease) were permitted.

2.2. Study treatment

In LUX-Lung 3 and 6, eligible patients were randomised 2:1 to oral
afatinib 40mg once daily (QD) or up to 6 cycles of intravenous pla-
tinum-based chemotherapy (LUX-Lung 3: cisplatin 75mg/m2 and pe-
metrexed 500mg/m2 once every 21 days; LUX-Lung 6: gemcitabine
1000mg/m2 on day 1 and day 8 plus cisplatin 75mg/m2 on day 1 of a
21-day cycle). Randomisation was stratified by EGFR mutation type
(Del19, L858R, or other) and race (Asian or non-Asian for LUX-Lung 3
only; all patients in LUX-Lung 6 were Asian). In LUX-Lung 7, patients
were randomised 1:1 to afatinib 40mg QD or gefitinib 250mg QD
stratified by EGFR mutation type (Del19, L858R) and baseline brain
metastases (presence vs. absence). In all studies, treatment with afatinib
continued until investigator-assessed disease progression or intolerable
adverse events (AEs). The primary endpoint of LUX-Lung 3 and 6 was
progression-free survival (PFS) by independent central review; OS was
a key secondary endpoint. LUX-Lung 7 had three co-primary endpoints:
PFS (independent central review), time-to-treatment failure and OS.

2.3. Analysis of post-progression therapy

Subsequent therapy after discontinuation of study medication was
the decision of the treating physician. Data regarding subsequent
therapy were prospectively collected as study follow-up information.
Follow-up visits occurred every 21 ± 7 days after the end of treatment
visit until progression or start of subsequent anticancer treatment. After
the last follow-up visit, patients entered an observation period; data
regarding progression and subsequent therapy was collected every
60 ± 15 days, based on patient notes or by telephone contact with the
patient, until death or 5 years after the last follow-up visit, whichever
occurred first. Time on treatment with subsequent therapies was col-
lected, but response to treatment, duration of response, and PFS were
not collected. Molecular testing of tumour samples at progression/dis-
continuation was not mandatory and was not documented. Duration of
any subsequent treatments, median OS, 3-year survival rates and PFS-2,
defined as time from initiation of afatinib to the last day of osimertinib
therapy, were calculated using Kaplan–Meier estimates. A Cox pro-
portional hazards model was used to calculate hazard ratios and 95%
confidence intervals (CIs). All statistical analyses were exploratory;
there was no formal statistical analysis plan.
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3. Results

3.1. Analysis of subsequent therapies following discontinuation of afatinib

Across LUX-Lung 3, 6, and 7, 579 patients with common mutations
received first-line afatinib (Supplementary Fig. 1). At the time of data
cut-off (LUX-Lung 3 and 6: March 2016; LUX-Lung 7: December 2016),
553 of these patients had discontinued afatinib. The uptake of sub-
sequent therapy was high; second-, third-, and fourth-lines of therapy
were administered in 71%, 48%, and 28% of patients, respectively
(Table 1). The most common post-progression therapy was platinum-
based doublet chemotherapy (50% of patients), which was pre-
dominantly received as second-line treatment (46% of patients). Single-
agent chemotherapy was administered to 33% of patients and was
predominantly received as third-line treatment (19% of patients). First-
generation EGFR TKIs were received in 34% of patients following dis-
continuation of afatinib. Other types of subsequent therapy, received in
a total of 22% of patients, included chemotherapy plus EGFR TKI
combinations, osimertinib, rociletinib, olmutinib, or afatinib re-chal-
lenge. Uptake of subsequent therapy varied depending on country/re-
gion and was higher in countries with optimised comprehensive cancer
care such as Japan, South Korea, Singapore, Taiwan, Hong Kong,
Western Europe, Canada, North America, and Australia (80%; Supple-
mentary Table 1). Uptake was lower in Latin America (56%), Eastern
Europe (36%), and other Asian countries such as China, Malaysia,
Thailand, and the Philippines (65%).

3.2. Analysis of clinical outcomes in patients who received chemotherapy or
first-generation TKIs following discontinuation of afatinib

The median duration of therapy with platinum-based doublet che-
motherapy, single-agent chemotherapy and first-generation EGFR TKIs
in any treatment line was 3.5, 2.3, and 3.9 months, respectively
(Supplementary Fig. 2). The median duration of first-generation EGFR
TKIs as second-line treatment was 5.7 months. Median PFS on first-line
afatinib in these patients was 13.6 months. Most patients who received
first-generation EGFR TKIs in the second line had previously achieved a
deep response to afatinib, with subsequent tumour regrowth from the
nadir classified as progressive disease (Supplementary Fig. 3). There
was no clear difference in treatment duration with subsequent therapies
following discontinuation of afatinib across Del19 and L858R EGFR
mutational subgroups (Supplementary Fig. 4).

3.3. Analysis of clinical outcomes in patients who received osimertinib
following discontinuation of afatinib or gefitinib

Given its limited availability at the time of the LUX-Lung trials,
which recruited globally from August 2009 to August 2013, only 37
patients across LUX-Lung 7 (n= 27) and LUX-Lung 3/6 (n=10) re-
ceived osimertinib at any point following discontinuation of afatinib
(27 of these patients received osimertinib in≥ third-line setting;

updated data cut-off for LUX-Lung 7, August 2017). In LUX-Lung 7, 23
patients received sequential gefitinib followed by osimertinib. There
were no notable differences in the baseline characteristics of patients
who received sequential therapy compared with the overall LUX-Lung 7
population (Table 2). Exposure to first-line therapy was longer in pa-
tients who received sequential therapy than in the overall LUX-Lung 7
population (median of 17.5 months for afatinib and 18.0 months for
gefitinib in LUX-Lung 7; median of 21.9 months in LUX-Lung 3, 6, and 7
combined).

After a median follow-up of 4.7 years, median OS in patients treated
with sequential afatinib and osimertinib has not yet been reached
(Fig. 1A). The median time from initiation of afatinib therapy to in-
itiation of osimertinib therapy was 3.6 years. Median time on osi-
mertinib was 20.2 months (95% CI 12.8–31.5; Fig. 1B) in any treatment
line, 20.2 months if received as second-line treatment, and 17.5 months
if received as third- or higher-line treatment. In the 10 patients who
received consecutive afatinib and osimertinib, median PFS-2 was 53.3
months (95% CI 36.9–not reached).

Analysis of OS was also undertaken in patients who received afa-
tinib/osimertinib (n=27) or gefitinib/osimertinib (n= 23) specifi-
cally within LUX-Lung 7. Most patients (18/27 in the afatinib arm and
18/23 in the gefitinib arm) received osimertinib as third-line treatment
or later. After a median follow-up of 52.8 and 56.0 months, respec-
tively, median OS was not reached in either the afatinib or gefitinib
group (Fig. 2).

4. Discussion

In this pooled analysis of patients with common EGFR mutations in
LUX-Lung 3, 6, and 7, we observed high rates of subsequent therapy
(71%) following first-line afatinib, with similar rates across EGFR mu-
tation subtypes. The most common subsequent therapy was platinum-
based chemotherapy. Only a minority of patients received osimertinib
following afatinib, reflecting its restricted availability at the time the
studies were undertaken and the fact that testing for T790M was not
mandated or documented. However, as osimertinib is now widely
available, we hypothesise that, in principle, ∼50% of all patients with
EGFR mutation-positive NSCLC could be eligible for, and fit enough to
receive, sequential afatinib and osimertinib, given our observation of
∼70% uptake of subsequent therapy (88% in countries with a universal
reimbursement policy) and recent observations that T790M is present
in ∼50–70% of patients following failure of afatinib [11,12]. However,
attainment of this level of uptake of sequential treatment in the ‘real-
world’ clinical setting would probably require improvements in testing
strategies for T790M, given the invasive nature of tissue rebiopsy, and
will be dependent on country-specific reimbursement policies. Never-
theless, improvements in liquid biopsy techniques should facilitate
identification of T790M in some patients when rebiopsy is not feasible.

Notwithstanding the retrospective nature of this study, the small
sample size, lack of data on the mechanisms of resistance to afatinib
and enrichment for patients who received several lines of therapy,

Table 1
Rates of subsequent therapy in patients who discontinued afatinib in the LUX-Lung 3, 6, and 7a studies.

Any subsequent systemic treatment Platinum-based chemotherapy Single-agent chemotherapy First-generation TKI monotherapyb Otherc

Any-line, n (%) 394 (71) 277 (50) 181 (33) 186 (34) 121 (22)
Second-line, n (%) 394 (71) 252 (46) 39 (7) 49 (9) 54 (10)
Third-line, n (%) 265 (48) 48 (9) 104 (19) 75 (14) 38 (7)
Fourth-line, n (%) 156 (28) 27 (5) 50 (9) 49 (9) 30 (5)

Percentages are of the total number of patients who had discontinued afatinib at the time of analysis (N=553).
Abbreviation: TKI= tyrosine kinase inhibitor.

a Data cut-off for LUX-Lung 7: December 2016.
b Erlotinib, gefitinib and icotinib.
c Includes: platinum-based, single-agent, and other chemotherapy combination therapies; osimertinib, afatinib, HM61713, and rociletinib monotherapies; erlo-

tinib-, gefitinib-, icotinib-, and afatinib-containing combinations; immune checkpoint inhibitors; and ‘other’ therapies.
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exploratory analysis in patients who received sequential afatinib and
osimertinib were noteworthy. After a median follow-up of 4.7 years,
median OS was not reached. This, together with the findings from a
recent pooled analysis of the AURA extension and AURA2 trials
(n= 411), in which median OS with second- or later-line osimertinib
was 26.8 months [13], is encouraging for EGFR TKI-pretreated patients
who receive subsequent osimertinib. Patients previously treated with
afatinib were able to remain on osimertinib therapy for more than 1.5
years (median duration: 20.2 months). Median duration of osimertinib
therapy was higher in the 10 patients who received it as second-line
treatment than in the 27 patients who received it in a third-line setting
or later. Moreover, median PFS-2 in these patients was over 4 years. It
must be noted that the fact that most patients who received osimertinib
received it late in the disease course; the median time between initia-
tion of afatinib and osimertinib being 3.6 years. Thus, the prolonged OS
may reflect the fact that these patients already had a favorable prog-
nosis rather than their response to sequential therapy. Nevertheless,
these observations support other recent studies that suggest a sequential
approach of first-/second-generation EGFR TKIs followed by osi-
mertinib could be a promising therapeutic strategy in patients with
EGFR mutation-positive NSCLC and T790M-driven acquired resistance
after first-line therapy, to potentially maximise the duration of che-
motherapy-free treatment. For example, in a multicentre observational
study of 204 patients who received second-line osimertinib after first-
line afatinib, overall median time to treatment failure was 27.6 months
[14]. Furthermore, in patients who received a subsequent third-gen-
eration TKI in the ARCHER 1050 trial, median OS was 36.7 months
(95% CI 30.1–not reached) in the dacomitinib arm (n= 22) and not
reached in the gefitinib arm (n= 25) [4]. Although it is not clear which
first-line EGFR TKI would provide the best foundation for sequential
treatment, a more pronounced benefit of osimertinib after second-
generation TKIs than after first-generation TKIs might be expected due
to a higher allelic frequency of T790M following first-line treatment
[15]. Indeed, in a recent phase II trial of 111 T790M-positive patients,
PFS and response rate were significantly better in patients treated with
sequential afatinib and osimertinib versus sequential erlotinib/gefitinib
and osimertinib [16].

In summary, this retrospective study indicates that most patients
treated with first-line afatinib were sufficiently fit to receive at least one
subsequent line of therapy. Analysis of outcomes in patients who re-
ceived osimertinib after afatinib are of interest. Although limited by
sample size, lack of genomic data, enrichment, and a retrospective

nature, these data are encouraging and warrant further investigation.
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