
Clinical Trial Brief Report

PostprogressionOutcomes forOsimertinib versus
Standard-of-Care EGFR-TKI in Patients with
Previously Untreated EGFR-mutated Advanced
Non–Small Cell Lung Cancer
David Planchard1, Michael J. Boyer2, Jong-Seok Lee3, Arunee Dechaphunkul4,
Parneet K. Cheema5, Toshiaki Takahashi6, Jhanelle E. Gray7, Marcello Tiseo8,
Suresh S. Ramalingam9, Alexander Todd10, Astrid McKeown10, Yuri Rukazenkov10,
and Yuichiro Ohe11

Abstract

Purpose: In the phase III FLAURA study, third-generation
epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitor (TKI) osimertinib significantly improved progres-
sion-free survival (PFS) versus standard-of-care (SoC) EGFR-
TKI (gefitinib or erlotinib) in patients with previously untreat-
ed EGFR (exon 19 deletion or L858R) mutation-positive
advancednon–small cell lung cancer (NSCLC). Interimoverall
survival (OS) data were encouraging, but not formally statis-
tically significant at current maturity (25%). Here we report
exploratory postprogression outcomes.

Patients and Methods: Patients were randomized 1:1 to
receive osimertinib (80 mg orally, once daily) or SoC EGFR-
TKI (gefitinib 250 mg or erlotinib 150 mg, orally, once daily).
Treatment beyond disease progressionwas allowed if the inves-
tigator judged ongoing clinical benefit. Patients receiving SoC
EGFR-TKI could cross over to receive osimertinib after indepen-

dently confirmed objective disease progression with documen-
ted postprogression T790M-positive mutation status.

Results: At data cutoff (June 12, 2017), 138 of 279 (49%)
and 213 of 277 (77%) patients discontinued osimertinib and
SoC EGFR-TKI, respectively, of whom 82 (59%) and 129
(61%), respectively, started a subsequent treatment. Median
time to discontinuation of any EGFR-TKI or death was 23.0
months [95% confidence interval (CI), 19.5–not calculable
(NC)] in the osimertinib armand16.0months (95%CI, 14.8–
18.6) in the SoC EGFR-TKI arm. Median second PFS was not
reached (95% CI, 23.7–NC) in the osimertinib arm and 20.0
months (95%CI, 18.2–NC) in the SoC EGFR-TKI arm [hazard
ratio (HR), 0.58; 95% CI, 0.44–0.78; P ¼ 0.0004].

Conclusions: All postprogression endpoints showed con-
sistent improvement with osimertinib versus SoC EGFR-TKI,
providing further confidence in the interim OS data.

Introduction
Postprogression outcomes are intermediate clinical endpoints

between progression-free survival (PFS) and overall survival (OS)
that further define efficacy, and may have particular use when OS

data are immature (1, 2). Osimertinib is a third-generation,
central nervous system active, EGFR tyrosine kinase inhibitor
(EGFR-TKI) that potently and selectively inhibits both EGFRm
and EGFR T790M resistance mutations. In the phase III FLAURA
study of osimertinib versus standard-of-care (SoC) EGFR-TKIs
(gefitinib or erlotinib) as first-line treatment for advanced non–
small cell lung cancer (NSCLC) harboring EGFR sensitizingmuta-
tions [EGFRm; exon 19 deletion (ex19del) or L858R], PFS was
significantly improved with osimertinib [HR, 0.46; 95% confi-
dence interval (CI), 0.37–0.57; P <0.001; ref. 3]. Interim OS data
(25% maturity) were encouraging, but not formally statistically
significant (HR, 0.63; 95% CI, 0.45–0.88; P¼ 0.007; ref. 3). Here
we report postprogression outcomes from the FLAURA study,
previously published in part by Soria and colleagues (3).

Patients and Methods
Study population, design, and endpoints

The study was approved by the institutional review board or
independent ethics committee associated with each study center.
The trial was conducted in accordance with the provisions of the
Declaration of Helsinki, Good Clinical Practice guidelines (as
defined by the International Conference on Harmonisation),
applicable regulatory requirements, and the policy on bioethics
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and human biologic samples of the trial sponsor, AstraZeneca.
Informed consent was obtained from all patients prior to enrol-
ment into the study. Full details of the FLAURA phase III study
have previously been published (3). In brief, patients with pre-
viously untreated EGFRm locally advanced or metastatic NSCLC,
eligible to receive first-line gefitinib or erlotinib treatment, were
enrolled.

Enrolled patients were stratified by tumor EGFRm status
(ex19del or L858R) and race (Asian or non-Asian), and randomly
assigned in a 1:1 ratio to receive osimertinib (80 mg orally, once
daily) or SoC EGFR-TKI (gefitinib 250 mg orally, once daily or
erlotinib 150 mg orally, once daily). Treatment continued until
objective disease progression (per RECIST version 1.1), the devel-
opment of unacceptable side effects, or withdrawal of consent.
Treatment beyond disease progression was allowed if the inves-
tigator judged continued clinical benefit. The nature and timing of
any subsequent therapieswere not protocolmandated but chosen
by the investigator. Crossover from the SoC EGFR-TKI arm to
open-label osimertinib was allowed following independently
confirmed disease progression and documented postprogression
T790M-positive mutation status without any intervening anti-
cancer therapy.

PFS, the primary endpoint, was determined by investigator
assessments. Exploratory postprogression endpoints included
second PFS (PFS2), time to second-line therapy, time to third-
line therapy, and time to discontinuation of any EGFR-TKI
(TDTKI).

Data underlying the findings described in this article may be
obtained in accordance with AstraZeneca's data sharing policy
described at https://astrazenecagrouptrials.pharmacm.com/ST/
Submission/Disclosure.

Study assessments
Tumor assessments according to RECIST v1.1 were performed

at baseline and every 6 weeks for 18 months, then every 12 weeks
until disease progression. After progression, patients were fol-
lowed for survival every 6 weeks, irrespective of treatment dis-
continuation, with data collection on subsequent therapies and
response or progression, as per local practice guidelines. PFS2was
defined as the time from randomization to the earliest of the
progression events subsequent to the first progression, or death

after starting a subsequent anticancer treatment. Time to second-
line therapy was defined as the time from randomization to the
earliest start date of the second-line therapy following study
treatment discontinuation, or death. Time to third-line therapy
was defined as time from randomization to the earliest start date
of the third-line therapy following study treatment discontinua-
tion, or death. TDTKIwas defined as the time from randomization
to the last dose of anyEGFR-TKI, or death,without interruptionby
any non-EGFR–TKI therapy (i.e., includes study treatment and
any sequential EGFR-TKI treatment). See Fig. 1A for a summary of
postprogression endpoints. A summary of some of these end-
points has been previously been reported in Soria and colleagues
(2018); here we provide the first report of TDTKI together with
more detail on the other postprogression endpoints.

Statistical analysis
A log-rank test, stratified by race andmutation type, was used to

compare treatment arms for each exploratory endpoint; the
Breslow approach was used to handle tied events. Any patient
alive and not known to have reached any of these exploratory
endpoints, or tohavedied at timeof analysis, was censored at their
last RECIST assessment before or at disease progression. HRs and
CIs were obtained directly from U and V statistics.

Results
Time to study treatment discontinuation

In total, 556 patients received at least 1 dose of study treatment:
osimertinib, n¼279; SoCEGFR-TKI, n¼ 277 (3). Patient baseline
characteristics have previously been reported, and were largely
balanced across the 2 treatment arms (3). At data cutoff (June 12,
2017), 138 patients (49%) and 213 patients (77%) discontinued
study treatment or died in the osimertinib and SoC EGFR-TKI
arms, respectively (3). Reasons for study treatment discontinua-
tion have previously been reported (3). Median time to discon-
tinuation of study treatment was 20.8 months (95% CI, 17.2–
24.1) in the osimertinib arm and 11.5 months (95% CI, 10.3–
12.8) in the SoC EGFR-TKI arm (Fig. 1B). A similar proportion of
patients remained on randomized treatment beyond investigator-
assessed RECIST progression; 91 (67%) and 145 (70%) patients
in the osimertinib and SoC EGFR-TKI arms, respectively (3). The
median duration of study treatment beyond progression was 8.1
weeks (95%CI, 6.3–12.3) and 7.0 weeks (95%CI, 5.9–8.1) in the
osimertinib and SoC EGFR-TKI arms, respectively (3).

Subsequent treatments
Of those patients who discontinued study treatment, 82 of 138

(59%) in the osimertinib arm and 129 of 213 (61%) in the SoC
EGFR-TKI arm started a second-line therapy (3). The most com-
mon second-line therapies were platinum-based chemotherapy
[46/82 (56%)] in the osimertinib arm, and osimertinib [55/129
(43%)] in the SoC EGFR-TKI (Fig. 2). Median time to second-line
therapy was considerably longer in the osimertinib arm than the
SoC EGFR-TKI arm; 23.5 months [95% CI, 22.0–not calculable
(NC)] versus 13.8months (95%CI, 12.3–15.7; HR, 0.51; 95%CI,
0.40–0.64; P <0.0001; Fig. 1C; ref. 3). In the osimertinib and SoC
EGFR-TKI arms, respectively, 128 (46%) and 167 (60%) patients
discontinued any EGFR-TKI treatment or died.Median TDTKIwas
longer in the osimertinib arm than the SoC EGFR-TKI arm: 23.0
months (95% CI, 19.5–NC) versus 16.0 months (95% CI, 14.8–
18.6; Fig. 1D). Time to third-line therapy, PFS and OS data are

Translational Relevance

The analysis of postprogression outcomes of the FLAURA
trial confirmed the consistent benefit of osimertinib versus
standard-of-care EGFR–tyrosine kinase inhibitors and dem-
onstrated that osimertinib preserves clinical benefit beyond
first progression, providing further confidence in the interim
overall survival data. In addition, patients who received osi-
mertinib as a first-line therapy still benefited from subsequent
therapies. These data are supportive of preliminary analyses
(Ramalingam and colleagues, 2018) showing no evidence for
mechanisms of acquired resistance that lead to aggressive
disease biology. Taken together, these results suggest that
first-line osimertinib does not cause any biological changes
and/or resistance to subsequent anticancer therapies that
would lead to more aggressive disease or rapid disease
progression.

FLAURA Trial Postprogression Outcomes
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presented in Fig. 3, as reported by Soria and colleagues (2018;
ref. 3).

Second PFS
At data cutoff, 73 patients (26%) and 106 (38%) in the

osimertinib and SoC EGFR-TKI arms, respectively, had second-
progression (i.e., second-progression) events, or died (3). Of all
randomized patients, there were 48 (17%) and 65 (23%) deaths
in the absence of second progression in the osimertinib and SoC
EGFR-TKI arms, respectively. Median PFS2 was not reached (95%

CI, 23.7–NC) in the osimertinib arm and was 20.0 months (95%
CI, 18.2–NC) in the SoC EGFR-TKI arm (HR, 0.58; 95%CI, 0.44–
0.78; P¼ 0.0004; ref. 3). Kaplan–Meier curves for PFS2 are shown
in Fig. 4.

Discussion
The postprogression endpoints reported here demonstrate

that the PFS benefit observed with osimertinib in the FLAURA
study is preserved beyond first disease progression, providing

1 Time to discontinuation of study treatment or death

2 Time to second-line therapy or death
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4 Time to third-line therapy or death
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Figure 1.

A, Postprogression endpoints overview and Kaplan–Meier estimates of time to discontinuation of study treatment (TDT; B), time to second-line therapy (C), and
time to discontinuation of any EGFR-TKI (D). Tick marks indicate censored data.
CI, confidence interval; EGFR, epidermal growth factor receptor; HR, hazard ratio; NC, not calculable; SoC, standard-of-care; TDT, time to discontinuation of study
treatment; TDTKI, time to discontinuation of any EGFR-TKI; TKI, tyrosine kinase inhibitor.
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confidence in the encouraging interim OS data (3). HRs for
each postprogression endpoint all favored osimertinib (Fig. 3),
supporting it as a first-line therapy for patients with EGFRm
advanced NSCLC.

Among patients who received a second-line therapy after SoC
EGFR-TKI, 43% had osimertinib; however, this may rise because
23%ofpatients in the SoCEGFR-TKI armwere still receiving study
treatment at the time of analysis. Furthermore, some patients who
mayhave received second-line osimertinib in clinical practicemay
not have crossed over due to this study's crossover criteria; for
example, ineligibility for rebiopsy due to rapid disease progres-
sion and unavailability of plasma testing preventing determina-

tion of T790M status. Therefore, this proportion of patients is in-
line with the estimated rate of patients acquiring T790M, as
recently observed in a population-basedmulti-institutional study
of patients with EGFR-mutated NSCLC (4). Notably, 39% of the
213 patients in the SoC EGFR-TKI arm who discontinued study
treatment received no subsequent therapy, of whom 21% had
died. In the osimertinib andSoCEGFR-TKI arms, 12%and17%of
all patients died before receiving a subsequent therapy; these
proportions are slightly lower than those recently reported from
Flatiron, a real world evidence study, where 22% of patients who
received a first-line EGFR-TKI therapy died without receiving a
subsequent treatment (5).

No subsequent therapy (dead)
Received second-line therapy

No subsequent therapy (alive)
Still on study treatment

Other targeted therapy
Nonplatinum-based chemotherapy
Platinum-based chemotherapy
Osimertinib
EGFR-TKI−containing regimen, other 
than osimertinib

100

90

80

70

60

50

40

30

20

10

0

Pa
tie

nt
s 

(%
)

Received
second-line 

therapy
(n = 82)

So EC GFR-TKI
(n = 277)

Received
second-line 

therapy
(n = 129)

Osimertinib
(n = 279)

29%

12%
8%

51%

46%

17%

14%

23%

56%

35% 33%

21%

43%* Second-line therapies

Patient disposition

Figure 2.

Second-line therapies received by those patients who discontinued study treatment.
� 55 patients received osimertinib as second-line therapy in the SoC EGFR-TKI arm (48 were crossover patients and 7 received open-label osimertinib; all had a
T790M-positive status by local assessment). Other targeted therapies include anti-PD-1/PD-L1–containing therapy, anti-VEGF therapy, protein kinase inhibitors,
other therapeutic products, all other nontherapeutic products.
EGFR, epidermal growth factor receptor; PD-1, programmed cell death receptor 1; PD-L1, programmed cell death ligand 1; SoC, standard-of-care; TKI, tyrosine
kinase inhibitor; VEGF, vascular endothelial growth factor.
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Summary of the postprogression endpoint median values and HRs.
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CI, confidence interval; EGFR, epidermal growth factor receptor; HR, hazard ratio; NC, not calculable; NR, not reached; OS, overall survival; PFS, progression-free
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In the osimertinib and SoC arms, respectively, 35% and 33%
received another EGFR-TKI–containing therapy as their second-
line therapy. This unusual treatment sequencemay have occurred
because the crossover criteria prevented them receiving second-
line osimertinib, and/or in the absence of aggressive or systemic
progression or after an intervening therapy, such as chemotherapy
or radiotherapy, an investigator may have judged that a patient
could still benefit from another EGFR-TKI or prevent a disease
flare. Alternatively, some patients who discontinued study treat-
ment early due to an adverse event may have been offered an
alternative EGFR-TKI, or refused or been too unhealthy for
chemotherapy.

TDTKI was employed as a surrogate endpoint for time to
chemotherapy, which was not statistically analyzed due to poten-
tial bias; that is, time to chemotherapy analysis would not have
distinguished betweenpatients eligible for therapy from those too
unwell to receive chemotherapy, thus time to chemotherapy
would appear longer for patients who delayed chemotherapy
due to receiving other treatments (e.g., radiotherapy for other
lesions), even though theywere very unwell. TDTKIwas longer for
the osimertinib arm than the SoC EGFR-TKI arm, indicating that
first-line osimertinib may delay initiation of chemotherapy for
longer. This observation is particularly notable considering the
most common second-line therapy in the osimertinib arm was
platinum-based chemotherapy, which was not included in
TDTKI, while in the SoC EGFR-TKI arm it was osimertinib, which
would be included in the TDTKI, representing sequential EGFR-
TKI therapies. Therefore, TDTKIwas longer in the osimertinib arm
despite fewer patients receiving 2 lines of EGFR-TKI therapy.

The European Medicines Agency recommends PFS2 as a sur-
rogate endpoint for OS (2). PFS2 encompasses PFS on both the
initial treatment and the second-line therapy and, therefore,
indicates the impact of the first-line treatment on the efficacy of
the subsequent therapy (6). The risk of PFS2 was reduced by 42%
for patients in the osimertinib arm, relative to those in the SoC
EGFR-TKI arm, of whom 43% received osimertinib as their
second-line therapy. Median PFS2 with osimertinib was not
reached at data cutoff, with a lower 95% CI of 23.7 months (vs.
20.0 months in the SoC EGFR-TKI arm). This shows osimertinib

preserves clinical benefit beyond first progression, and that
patients still benefited from subsequent therapies. These data,
together with preliminary resistance mechanisms data from the
FLAURA study showing evidence for heterogeneous mechan-
isms of acquired resistance with first-line osimertinib (7), sug-
gest first-line osimertinib does not cause any biological changes
and/or resistance to subsequent anticancer therapies that would
lead to more aggressive disease or rapid disease progression.
PFS2 subgroup analysis by second-line therapy for both treat-
ment arms was not possible as this patient subgroup was not
predefined. Further analysis of the molecular mechanisms of
resistance to first-line osimertinib is ongoing in the FLAURA
study; additionally, the ELIOS trial (NCT03239340) will assess
the tumor genetic and proteomic markers at the point of disease
progression in patients with EGFRm NSCLC who receive first-
line osimertinib.

Conclusion
Clinically meaningful improvements with osimertinib versus

SoC EGFR-TKI in each of the exploratory postprogression end-
points reported here advocate first-line use of osimertinib in
patients with EGFRm-advanced NSCLC and provide further
confidence in the encouraging interim OS data of the FLAURA
study.
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