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Candidate mechanisms of acquired resis-
tance to first-line osimertinib in EGFR-
mutatedadvancednon-small cell lung cancer

Juliann Chmielecki1, Jhanelle E. Gray 2 , Ying Cheng 3, Yuichiro Ohe4,
Fumio Imamura5, Byoung Chul Cho 6, Meng-Chih Lin7, Margarita Majem8,
Riyaz Shah9, Yuri Rukazenkov10, Alexander Todd11, Aleksandra Markovets1,
J. Carl Barrett1, Ryan J. Hartmaier 1 & Suresh S. Ramalingam 12

Osimertinib, an epidermal growth factor receptor tyrosine kinase inhibitor
(EGFR-TKI), potently and selectively inhibits EGFR-TKI-sensitizing and EGFR
T790M resistance mutations. In the Phase III FLAURA study (NCT02296125),
first-line osimertinib improved outcomes vs comparator EGFR-TKIs in EGFRm
advanced non-small cell lung cancer. This analysis identifies acquired resis-
tance mechanisms to first-line osimertinib. Next-generation sequencing
assesses circulating-tumor DNA from paired plasma samples (baseline and
disease progression/treatment discontinuation) in patients with baseline
EGFRm. No EGFR T790M-mediated acquired resistance are observed; most
frequent resistance mechanisms are MET amplification (n = 17; 16%) and EGFR
C797S mutations (n = 7; 6%). Future research investigating non-genetic
acquired resistance mechanisms is warranted.

Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-
TKIs) are the recommended first-line treatment for advanced non-
small cell lung cancer (NSCLC) harboring EGFR-TKI sensitizing
mutations (EGFRm)1. Despite initial high response rates to first-line
EGFR-TKIs, most patients treated with an EGFR-TKI develop resis-
tance. In approximately 50% of patients treated with a first- or
second-generation EGFR-TKI, EGFR T790M resistance mutation was
detected2–6.

Osimertinib is a third-generation, irreversible, oral EGFR-TKI that
potently and selectively inhibits both EGFR harboring EGFRm (Exon 19
deletion [Ex19del]/L858R) and EGFR T790M resistance mutations.
In clinical trials, osimertinib has shown efficacy in patients with
EGFRm and EGFR T790M NSCLC, including patients with central

nervous system (CNS) metastases7–12. In the Phase III FLAURA study
(NCT02296125), osimertinib provided superior progression-free sur-
vival (PFS) versus comparator EGFR-TKIs (erlotinib or gefitinib) in
patients with previously untreated EGFRm advanced NSCLC (median
18.9 months versus 10.2 months; hazard ratio [HR] 0.46, 95%
confidence interval [CI], 0.37 to 0.57; P <0.001)11. Final analysis of
overall survival (OS) also demonstrated significantly longer OS with
osimertinib versus comparator EGFR-TKI (38.6 months versus
31.8 months; HR 0.80, 95.05% CI, 0.64 to 1.00; P =0.046)12.

Mechanisms of acquired resistance to osimertinib when used in
the second-line setting in patients with EGFR T790M-positive NSCLC
after EGFR-TKI treatment have been identified. To date, the most fre-
quently reported resistance mechanisms to second-line osimertinib,
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including analyses of circulating-tumor DNA (ctDNA) samples from
patients in the Phase III AURA3 study are acquired EGFR mutations
(e.g., C797S), and amplification of MET and ERBB2 (HER2)13–15. How-
ever, mechanisms of acquired resistance to osimertinib used in the
first-line setting remain to be fully elucidated. A small-scale analysis of
genomic mechanisms of acquired resistance in nine patients with
previously untreated EGFRm advanced NSCLC who received osi-
mertinib in the Phase I portion of the AURA study showed no cases of
acquired EGFR T790M mutation; potential resistance mechanisms
identified included other EGFR mutations and amplification of MET
and HER216. In another recent, small, retrospective study of paired
tissue samples from patients with EGFRm advanced NSCLC analyzed
using next-generation sequencing (NGS), it was identified that off-
target resistance in the first-line setting was higher versus in the later-
line setting, with MET amplification the most common off-target
acquired mechanism to first-line osimertinib17. However, the majority
of resistance mechanisms to first-line treatment are unknown.

Increased understanding of first-line osimertinib resistance
mechanisms is essential to inform future therapeutic decisions for
patients with EGFRm advanced NSCLC. In this pre-specified analysis,
we report the early-onset candidate mechanisms of acquired resis-
tance from plasma samples collected at progression and/or treatment
discontinuation in the FLAURA study, from patients for whom there
was also a baseline plasma sample with detectable plasma EGFRm.
We additionally report the primary mechanisms of resistance to first-
line osimertinib detected in baseline tissue samples from patients with
and without detectable plasma EGFRm.

Results
Patient characteristics and sample disposition
In FLAURA, 279 patients were randomized to osimertinib and 277
patients to comparator EGFR-TKI (gefitinib/erlotinib); 137 (49%) and
179 (65%) patients, respectively, had paired plasma samples analyzed
by NGS, i.e. baseline sample and a sample at disease progression and/
or treatment discontinuation (Fig. 1). As of June 2017, progression
events occurred in 85 (62%) and 147 (82%) patients in the osimertinib
and comparator EGFR-TKI arms, respectively.

Among patients with paired plasma samples, 254/316 (80%)
had baseline detectable plasma EGFRm (Ex19del/L858R), and were

included in the acquired resistance analysis subset: 109/137 (80%) in
theosimertinib armand 145/179 (81%) in the comparator EGFR-TKI arm
(Fig. 1). Within this subset, most patients (211/254, 83%) had plasma
samples available at treatment discontinuation, comparedwith a small
number of patients with samples only available at disease progression
(18/254, 7%) (Fig. 1). There were 25/254 patients (10%) with samples
available at both disease progression and treatment discontinuation;
only the last collected sample was included in the analysis for
these patients (treatment discontinuation, n = 13; disease progres-
sion, n = 12).

There were 224 patients with a discontinuation sample as the last
sample collected during the study. Reasons for discontinuation were
disease progression (144; 64%), adverse event (26; 12%), patient deci-
sion (5; 2%), and one patient (<1%) was reported as ‘other’. No reason
was given for 48 patients (21%).

Baseline demographics and clinical characteristics in the acquired
resistance analysis subset were broadly similar to the overall FLAURA
population and generally balanced between the treatment arms
although there was a slightly higher percentage of patients with
baseline EGFR Ex19del mutation in the comparator EGFR-TKI arm,
compared with the osimertinib arm (Table 1).

Acquired resistance mechanisms by treatment arm (plasma
ctDNA analysis): Osimertinib arm
In the osimertinib arm acquired resistance analysis subset, 38/109
(35%) patients had a detectable acquired resistance mechanism, 71
(65%) had no detectable candidatemechanismof resistance, and there
was no evidence of acquired EGFR T790M. The most common
acquired resistance mechanism detected was MET amplification,
occurring in 17 patients (16%), followed by mutations in EGFR in 11
patients (10%) (Fig. 2A, Supplementary Table 1). C797S occurred in
seven patients (6%), including one patient with co-occurring C797S
and C797N; L718Q occurred in two patients (2%; one patient had
concurrent L718V), G796S in one patient (1%) and S768I in one patient
(1%). Single acquired resistancemechanisms were detected in 23 (21%)
patients, including nine (8%) with MET amplification, five (5%) with
EGFR mutations, three (3%) with PIK3CA E545K, and one (1%) patient
each with CDK6 amplification, CDK4 amplification, CCND1 amplifica-
tion, KRAS A146T, BRAF V600E, and PIK3CA E453K.

Pa�ents randomized to 
treatment in FLAURA

N=556

Osimer�nib (80 mg po qd)
n=279

Comparator EGFR-TKI 
(gefi�nib 250mg po qd or 
erlo�nib 150 mg po qd)

n=277

Pa�ents with paired* plasma samples
n=137 (49%)

Pa�ents with paired* plasma samples
n=179 (65%)

Resistance analysis subset
Baseline detectable plasma EGFRm

n=109 (80%)
Only disease progression sample available, n=6

Only treatment discon�nua�on sample available, n=91 
Both disease progression and treatment discon�nua�on samples 

available, n=12

No baseline detectable 
plasma EGFRm
n=34 (19%)

No baseline detectable 
plasma EGFRm
n=28 (20%)

Resistance analysis subset
Baseline detectable plasma EGFRm

n=145 (81%)
Only disease progression sample available, n=12

Only treatment discon�nua�on sample available, n=120 
Both disease progression and treatment discon�nua�on samples 

available, n=13

EGFRm at progression 
Detectable, n=73 (67%)

Not detectable,  n=36 (33%)

EGFRm at progression 
Detectable, n=112 (77%)

Not detectable,  n=33 (23%)

Fig. 1 | Patient disposition. CONSORT flow diagram of patient disposition and
eligibility in the analysis of acquired resistance mutations in the FLAURA trial
*Plasma provided at baseline and at disease progression or treatment

discontinuation. EGFR epidermal growth factor receptor, p.o. orally, qd once daily,
TKI tyrosine kinase inhibitor.
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Table 1 | Patient demographics of the overall FLAURA population and the resistance analysis subseta

Characteristic Osimertinib Comparator EGFR-TKI

Overall popula-
tion (n = 279)

Resistance analysis
subset (n = 109)

Overall popula-
tion (n = 277)

Resistance analysis
subset (n = 145)

Age: median (range), years 64 (26–85) 62 (26–83) 64 (35–93) 63 (35–93)

Sex: male/female, n (%) 101 (36)/178 (64) 43 (39)/66 (61) 105 (38)/172 (62) 48 (33)/97 (67)

Race: Asian/Non-Asian, n (%) 174 (62)/105 (38) 71 (65)/37 (34)b 173 (62)/104 (38) 92 (63)/53 (37)

WHO performance status: 0/1/2, n (%) 112 (40)/167 (60) /0 42 (39)/67 (61)/0 116 (42)/160 (58) /1 (<1) 56 (39)/89 (61)/0

EGFR mutations: Ex19del/L858R/no mutation detec-
ted, invalid test, or no or inadequate sample, n (%)

158 (57)/97 (35) / 24 (9) 59 (54)/39
(36)/11 (10)

155 (56)/90 (32) / 32 (12) 90 (62)/44 (30)/11 (8)

Histology: adenocarcinoma/other, n (%) 275 (99)/4 (1) 108 (99)/1 (1) 272 (98)/5 (2) 142 (98)/3 (2)

EGFR epidermal growth factor receptor, EGFRm EGFR mutation-positive, EGFR-TKI epidermal growth factor receptor tyrosine kinase inhibitors, Ex19del Exon 19 deletion, WHOWorld Health
Organization.
aSubset of patients with detectable baseline plasma EGFRm who progressed or discontinued treatment up to March 2019.
bOne patient in the resistance analysis subset of the osimertinib armhadmissing racial data. In the overall population, five patients (two in the osimertinib arm and three in the comparator EGFR-TKI
arm) had large-cell carcinoma; three patients (one in the osimertinib arm and two in the comparator EGFR-TKI arm) had adenosquamous carcinoma; and one patient (in the osimertinib arm) had a
carcinoid tumor.

Baseline plasma mutations

Acquired EGFR mutations

Acquired amplifications

Acquired oncogenic fusion

Acquired MAPK/PI3K
alterations

Acquired cell cycle
gene alterations

Sensitizing

C797S*

Ex19del L858R

G796S

L718Q

Ex20ins

S768I

MET amp
HER2 amp

ALK Fusion

BRAF V600E

KRAS A146T

KRAS G12C

KRAS G12D

PIK3CA E453K 

PIK3CA E545K

PIK3CA H1047R

CCND1 amp

CCND2 amp

CCND3 amp

CCNE1 amp

CDK4 amp

CDK6 amp

100%

6%

1%

2%

1%

1%

16%
2%

1%

3%

1%

1%

1%

1%

4%

1%

4%

1%

1%

3%

2%

5%

Osimertinib

Baseline plasma mutations

Acquired EGFR mutations

Acquired amplifications

Acquired oncogenic fusion

Acquired MAPK/PI3K
alterations

Acquired cell cycle
gene alterations

Sensitizing

T790M

Ex19del L858R

C797S

L718Q

Ex20ins

MET amp
HER2 amp

RET Fusion

BRAF D594N

KRAS G12C

NRAS G12D

PIK3CA E542K

PIK3CA E545K 

PIK3CA H1047R

CCND1 amp

CCND2 amp

CCNE1 amp

CDK6 amp

100%

44%

1%

1%

1%

6%
2%

1%

1%

1%

1%

1%

2%

1%

1%

1%

1%

4%

Ex19del/L858R

Comparator EGFR-TKI

A

B

Fig. 2 | Acquired mutations following treatment with osimertinib and com-
paratorEGFR-TKIs.Tile plots indicating (A) acquiredmutations in patients treated
with osimertinib (n = 109) and (B) acquired mutations in patients treated with

comparator EGFRI-TKIs (n = 145) from the FLAURA trial. Sourcedata are provided in
the Supplementary Data 1 file. *One patient had co-occurring C797S and C797N.
EGFR epidermal growth factor receptor.
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More than one acquired resistancemechanismwas detected in 15
(14%) patients (Fig. 2A), meaning 39% of all patients with an acquired
resistance mechanism had multiple mechanisms detected. Among
patients with MET amplifications, five (5%) co-occurred with cell cycle
gene alterations (one patient with multiple amplifications in CCND1,
CCND2 and CDK6), one (1%) co-occurred with alterations in BRAF
(V600E), ALK fusion and EGFR C797S, one (1%) co-occurred with
HER2 amplification, and one (1%) co-occurred with KRAS G12C.
Among patients with EGFR mutations, and without co-occurring MET
amplification, three (3%) co-occurred with MAPK/PI3K alterations, one
(1%) co-occurred with CDK6 amplification and one (1%) with
CCND1 amplification. Two (2%) further patients had co-occurring
cell cycle gene alterations, CCNE1/CDK4 amplifications and CCNE1/
CCND3 amplifications, with the latter also co-occurring with HER2
amplification.

Acquired resistance mechanisms by treatment arm (plasma
ctDNA analysis): comparator EGFR-TKI arm
In the comparator EGFR-TKI arm acquired resistance analysis subset,
71/145 (49%) patients had a detectable acquired resistance mechan-
ism, 74 (51%) had no detectable candidate mechanism of resistance.
The most common acquired resistance mechanism detected was
EGFR T790M mutation, occurring in 64 (44%) patients, followed by
MET amplification in nine patients (6%) and CDK6 amplification in six
(4%) patients (Fig. 2B, Supplementary Table 1). Acquired EGFR
T790M was found in a similar proportion of patients with baseline
plasma Ex19del (44/98 [45%]) versus L858R (19/46 [41%]); one patient
(1%) with baseline Ex19del and L858R acquired EGFR T790M.
Single acquired resistance mechanisms were detected in 57 (39%)
patients, including 51 (35%) with EGFR T790M, four (3%) with MET
amplification, and one (1%) patient each with PIK3CA E545K and
BRAF D594N.

More than one acquired resistancemechanismwas detected in 14
patients (10%), all except one with EGFR T790M (Fig. 2B), and overall,
20% of patients with an acquired resistance mechanism had multiple
mechanisms detected. Among seven (5%) patients with cell cycle gene
alterations plus EGFR T790M, three (2%) had co-occurring MET
amplification, and one (1%) had co-occurring PIK3CA E545K, EGFR
C797S, and EGFR L718Q. Among two (1%) patients with HER2 amplifi-
cation plus EGFR T790M, one (1%) had co-occurring RET fusion, and
one (1%) had multiple co-occurring MAPK/PI3K alterations. In one
patient without EGFR T790M, co-occurring alterations were detected
in MET, HER2, KRAS, CCNE1 and CDK6.

Duration of treatment by candidate resistance mechanism
Among patients in the resistance analysis subset, there appeared to be
no clear association between the type of acquired resistance
mechanism and duration of treatment with either osimertinib or
comparator EGFR-TKIs (Fig. 3, Supplementary Fig. 1), although in the
osimertinib arm, acquired MET amplification occurred in 11 of the 15
patients with the shortest duration of treatment.

Resistance mechanisms at baseline (tissue genomics)
Across both treatment arms, 147 patients had sufficient tissue volume
available and consented for baseline NGS testing, with a pass/qualified
result obtained from 104 patients (71%; osimertinib n = 46, comparator
EGFR-TKI n = 58). Reasons for a failed test result included insufficient
tumor content (n = 24) or insufficient DNA extraction (n = 13); six
samples were recorded as ‘other’.

In addition to EGFRmutations, themost commonly altered genes
included TP53 (62%), EGFR amplification (20%), RB1 (12%), RBM10
(5%), HER2 (3%), MET (3%), SMARCA4 (3%), and RICTOR (3%)
(Table 2). TP53 mutations were distributed between missense altera-
tions (28/64; 44%) and loss-of-function mutations (frameshift, trun-
cation, splice site, homozygous deletions; 36/64; 56%).

Patients whose tumors had a suboptimal response to treatment
(n = 23 among patients with baseline tissue results) were defined by
either a best overall response of stable disease or progressive disease
with a PFS of <6 months, or non-clearance of plasma ctDNAmeasured
by ddPCR at 6 weeks. Tumors with suboptimal responses were enri-
ched for TP53 missense alterations and alterations in RBM10, HER2,
MET, SMARCA4, or RICTOR compared with tumors not defined as
suboptimal response (n = 81) (Table 2). Taken together, an alteration in
at least one of these potential negative prognostic genes (n = 38
tumors in total) was significantly enriched in suboptimal response
tumors: 20/23 (87%) vs 18/81 (22%) tumors not defined as suboptimal
response; Fisher’s exact test, two-sided P < 0.001. EGFR amplification
and anyTP53mutation status (either aloneor in combinationwithRB1)
were not significantly enriched in tumors with suboptimal responses
(Table 2).

Discussion
This pre-specified analysis from the FLAURA study provides fur-
ther characterization of the pre-existing and acquired resistance
mechanisms to first-line osimertinib. Pre-treatment tissue geno-
mics identified potential baseline alterations associated with
suboptimal response to EGFR-TKI therapy, including missense
TP53 mutations, RBM10, HER2, MET, SMARCA4, and RICTOR,
many of which have previously been identified as negative prog-
nostic factors for patients with cancer18–23. Further research to
confirm these potential pre-treatment markers of suboptimal
response is warranted.

Due to a lack of tissue samples at progression, acquired resis-
tance mechanisms were analyzed using ctDNA. Paired samples were
analyzed from patients with detectable baseline plasma EGFRm who
experienced disease progression and/or discontinued treatment,
revealing candidate mechanisms of acquired resistance in both the
osimertinib and comparator EGFR-TKI arms. Consistent with pre-
vious studies, EGFR T790M was the most common acquired resis-
tance mechanism in the comparator EGFR-TKI arm, occurring in
44% of patients. Acquisition of EGFR T790M was not observed in

MET amp + CCND1 amp 

MET amp
MET amp + CDK6 amp + CCND1 amp + CCND2 amp

EGFR L718Q + EGFR ex20ins + PIK3CA E545K

EGFR L718Q
EGFR C797S + MET amp + ALK fusion + BRAF V600E

CCNE1 amp + CDK4 amp
BRAF V600E
EGFR C797S

CDK6 amp
CCND1 amp

MET amp + CDK6 amp 

MET amp + CDK6 amp
EGFR C797S + BRAF V600E + PIK3CA H1047R

EGFR C797S
PIK3CA E545K

EGFR G796S + CCND1 amp
PIK3CA E453K

EGFR C797S + EGFR C797N
KRAS A146T

EGFR C797S
HER2 amp + CCND3 amp + CCNE1 amp

MET amp
MET amp

PIK3CA E545K
MET amp 

EGFR C797S + KRAS G12D
HER2 amp + MET amp

CDK4 amp
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PIK3CA E545K
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P X
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Duration of randomized treatment (months)

20 25

MET amp

EGFR S768I + CDK6 amp

co-occurring mutations EGFR mutation MAPK/P13K alteration

cell cycle gene alteration MET amplification

Fig. 3 |Osimertinibdurationof treatmentbycandidate resistancemechanisms.
Swimmer plot indicating duration of treatment with osimertinib (months) by
resistance mechanisms (n = 109 total, n = 38 with detected resistance mutation).
Source data are provided in the Supplementary Data 1 file. EGFR epidermal growth
factor receptor, X time of death for patients who have died, O date last known alive
forpatientswhohave not died, P timeof progression, as assessedby investigator, D
time of study discontinuation.
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the osimertinib arm, supporting the mechanism of action for
osimertinib11,13,14,16,24–27. This is consistent with preclinical data, indi-
cating that osimertinib may prevent the emergence of EGFR
T790M7,28. To date, no evidence of acquired EGFR T790M has been
observed with first-line osimertinib treatment, and in some cases,
resistance to later-line treatment with osimertinib has been asso-
ciated with loss of EGFR T790M from tumors15,27.

Overall, the resistance mechanisms to first-line osimertinib
observed in this study appear to be similar to those reported in the
second- or later-line settings12,21,22,26–33. Our data also demonstrate that
there are some shared resistance mechanisms between first-line osi-
mertinib and first- and second-generation EGFR TKIs, with the main
exception of EGFR T790M2,34. The frequency of MET amplification (16%)
was similar to that observed in patients treated with second-line osi-
mertinib in the Phase III AURA3 study (18%)14,15, and was the most fre-
quently reported resistancemechanism in both this study andAURA3.Of
note, acquisition ofMET amplification in this analysis appearsmore often
in osimertinib treatedpatients comparedwith first- or second-generation
EGFR-TKIs. While the frequency of MET amplification reported here is
higher than previously reportedwith osimertinib in the first-line setting17,
other second-line osimertinib studies have reported acquired MET
amplification in 5–50% of patients with disease progression26,27,31,33.

Acquired EGFR C797S, an on-target resistance mechanism that
occurs following treatment with irreversible inhibitors, is frequently
reported with second- or later-line osimertinib treatment, with some
studies reporting frequency rates up to 24%26,27,31,33. An analysis of
second-line osimertinib in the Phase III AURA314,15 study identified 14%
of patients acquired EGFR C797S. In this analysis, acquired C797S
mutation was observed in 6% of patients, in line with another study
exploring resistance mechanisms to osimertinib in the first-line
setting17,35. Development of EGFR C797S resistance may be more
common in later-line EGFR T790M-positive disease and has been
shown to be a later event in the second-line osimertinib setting17,35,
suggesting that EGFR C797S is a late occurring resistance mechanism.
The frequency of acquired PIK3CA, KRAS andBRAFmutationswas also
generally similar to that reported in second-line osimertinib
studies14,15,27,31,33.

Apart from EGFR T790M, the acquired resistance mechanisms
such as MET amplification and HER2 amplification reported here are
also consistent with the acquired resistance mechanisms observed
with first- and second-generation EGFR-TKIs34,36.

As many patients developedmultiple resistancemechanisms, it is
difficult to draw any conclusions regarding duration of treatment and
the resistance mutations that were acquired. Although patient num-
bers are small, MET amplification was identified in 11 of the 15 patients
with the shortest duration of treatment, suggesting that MET amplifi-
cation could be enriched in patients with early disease progression.

Importantly, although our understanding of the new resistance
landscape with first-line osimertinib is emerging, no suggestions of
new and more aggressive resistance mechanisms were detected,
although, as discussed below, there were some limitations with the
methodology used in detecting all possible resistance mechanisms.
This finding, along with the absence of EGFR T790M development,
supports the use of osimertinib in the first-line setting. This is rein-
forced by the overall population data, demonstrating that first-line
osimertinib resulted in longer PFS, OS, and time from randomization
to second progression on subsequent treatment versus comparator
first-line therapy with a similar safety profile11,12. Furthermore, osi-
mertinib has demonstrated CNS efficacy in patients with stable CNS
metastases and EGFRm advanced NSCLC, with first-line osimertinib
reducing the risk of CNS progression compared with first-generation
EGFR-TKIs9,10,37.

The results suggest a need to identify biomarker-matched treat-
ments to target specific mechanisms of acquired resistance, or to
prevent the emergence of these mechanisms. For example, data from
the Phase Ib TATTON study (NCT02143466) provide evidence for the
potential use of osimertinib in combination with the MET inhibitor,
savolitinib, therefore targeting one of the most frequent acquired
resistance mechanisms to osimertinib observed in this study: MET
amplification. This combination demonstrated promising preliminary
anti-tumor activity in patients with MET-amplified advanced NSCLC,
who experienced progression on prior first-, second-, or third-
generation EGFR-TKIs38,39. Those who had progressed on prior first-/
second-generation EGFR-TKIs achieved amedian duration of response

Table 2 | Summary of baseline genomic alterations in patientswith valid tissueNGS resulta andby suboptimalb tumor response
to treatment or not

Gene/mutation, n (%) All evaluable (N = 104) Suboptimalb responder (n = 23) Not suboptimalb responder (n = 81)

TP53 any known/likely 64 (62) 15 (65) 49 (60)

TP53 frameshift/truncation 26 (25) 2 (9) 24 (30)

TP53 splice 9 (9) 2 (9) 7 (9)

TP53 missense 28 (27) 11 (48) 17 (21)

TP53 homozygous deletion 1 (1) 0 1 (1)

EGFR amplification 21 (20) 7 (30) 14 (17)

RB1 any known/likely 12 (12) 4 (17) 8 (10)

RBM10 truncation/splice 5 (5) 4 (17) 1 (1)

SMARCA4 missense/truncation 3 (3) 3 (13) 0

RICTOR amplification 3 (3) 3 (13) 0

HER2 amplification/missense 3 (3) 3 (13) 0

MET amplification 3 (3) 2 (9) 1 (1)

AKT2 any known/likely 2 (2) 2 (9) 0

CDK6 any known/likely 2 (2) 2 (9) 0

FGF23 any known/likely 2 (2) 2 (9) 0

BRCA2 any known/likely 2 (2) 2 (9) 0

APC any known/likely 6 (6) 3 (13) 3 (4)

EGFR epidermal growth factor receptor.
aKnown/likely refers to alterations either known or likely to have a functional impact on a given protein, as determined by the algorithm described in Carr et al.49.
bPatientswhose tumorshad a suboptimal responseweredefinedbyeither a best overall responseof stable diseaseorprogressive diseasewith a PFSof <6months, or non-clearanceof plasmactDNA
measured by ddPCR at 6 weeks.
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of 7.1 months, with an objective response rate of 52%39. SAVANNAH
(NCT03778229), a Phase II study assessing the efficacy of osimertinib
plus savolitinib in patients with EGFR-mutant, MET-amplified NSCLC
who have progressed on osimertinib is investigating this combination
further40.

When considering the EGFR C797S mutation, first-generation
EGFR-TKIs such as gefitinib do not require irreversible binding to C797
to inhibit EGFR so their combination with osimertinib in the first-line
setting may be an effective strategy. Preliminary data from preclinical
studies have supported this concept with the combination of erlotinib
andosimertinib resulting in EGFR signaling inhibitionwhen theT790M
and C797S mutations were in the trans conformation41. Potential new
treatment options to address resistance mechanisms to osimertinib
will be further explored in the ORCHARD study (NCT03944772), an
open-label, multicenter, multi-drug Phase II platform trial in patients
with advanced EGFRm NSCLC whose disease has progressed on first-
line therapy with osimertinib.

As limited benefit has been demonstrated for immunotherapy
alone in the second-line setting for EGFRm advanced NSCLC, other
emerging options for patients with acquired resistance include the use
of immunotherapy in combinationwith other therapies42. Results from
the Phase III IMpower150 study demonstrated that addition of atezo-
lizumab to bevacizumab plus chemotherapy significantly improved
PFS and OS in patients with metastatic nonsquamous NSCLC pre-
viously treated with at least one EGFR-TKI, regardless of PD-L1
expression and EGFR or ALK genetic alteration status43. Alternative
approaches following progression on EGFR-TKIs are also being inves-
tigated, such as the ongoing Phase Ib/II study investigating the com-
bination of osimertinib and the anti-CD73 monoclonal antibody,
oleclumab (NCT03381274)44.

There are several limitations with this study. Analysis of plasma
ctDNA may underestimate amplification events so the frequency of
acquired MET amplification (16%) may be an underestimate and is
expected to be higher in tissue45. Plasma NGS analysis only focuses on
genomic alterations detectable in ctDNA; therefore, non-genetic
mechanisms of resistance including histological transformation and
protein expression alterationswere not evaluated in this analysis; small
cell lung cancer transformation could notbe pathologically confirmed.
In addition, longitudinal monitoring of baseline resistance mutations
detectable at progression was not possible due to lack of tissue and
plasma matched pairs, NGS panel limitations and no/low ctDNA con-
tent in plasma. Other limitations of these analyses include the
exploratory nature using a subset of patients definedpost-baseline and
the exclusion of patients without detectable EGFRm at baseline.
Therefore, analyses are descriptive, and there may be additional
resistance mechanisms that have not been captured, including any
that are late-onset.

In conclusion, multiple mechanisms of resistance to first-line
osimertinib were observed, with no single mechanism at high pre-
valence identified thus far. The most frequent resistance mechanisms
were MET amplification and the EGFR C797S mutation, and there was
no evidence of EGFR T790M-mediated acquired resistance. These
results provide no evidence of resistancemechanisms thatmay lead to
unexpected aggressive disease biology. While liquid biopsy provides
valuable information to helpmonitor and identify emerging resistance
mechanisms, the results identify the need for complementary testing
with tissue for a complete histological diagnosis. This point is
addressed in the ongoing ELIOS study (NCT03239340), where collec-
tion of paired tissue biopsies (pre-treatment and at progression) will
further investigate the mechanisms of acquired resistance to
first-line osimertinib. In addition, the ORCHARD and SAVANNAH stu-
dies (NCT03944772, NCT03778229, respectively) are also underway to
investigate potential new treatment options to address resistance
mechanisms to osimertinib in patients with advanced EGFRm NSCLC
whose disease has progressed on first-line therapy with osimertinib.

Methods
Standard protocol approvals, registration and patient consents
FLAURA 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 AstraZeneca policy on Bioethics and Human
Biological Samples. All patients provided written informed consent
before screening. This study was funded by the study sponsor
(AstraZeneca) and designed by the principal investigators and the
sponsor. Data underlying the findings described in this manuscript
may be obtained in accordance with AstraZeneca’s data sharing
policydescribed athttps://astrazenecagrouptrials.pharmacm.com/ST/
Submission/Disclosure. Full study protocol available at: https://
astrazenecagrouptrials.pharmacm.com/ST/Submission/View?
id=12356.

Study design and participants
FLAURAwas a randomized, double-blind, Phase III study, full details of
which have been previously published12. Briefly, enrolled patients
(N = 556) were aged ≥18 years (≥20 years in Japan) with previously
untreated, EGFRm locally advanced or metastatic NSCLC with tumors
harboring EGFR-TKI sensitizing mutations (Exon 19 deletion [Ex19del]
or L858R). Patients were stratified by mutation status (Ex19del/L858R)
and race (Asian/non-Asian), and randomized 1:1 to osimertinib 80mg
once daily (qd; n = 279) or comparator EGFR-TKI (n = 277, gefitinib
250mgqdor erlotinib 150mgqd). Patients randomized to comparator
EGFR-TKIs were allowed to cross over to osimertinib if they acquired
the EGFR T790M resistance mutation and were confirmed to have
objective disease progression by a blinded independent central review
(or by investigator assessment if disease progression occurred after
the primary data cutoff).

The ctDNA and tissue analyses presented here were exploratory,
pre-specified, retrospective analyses of a subset of patients. ctDNA
analyses were limited to patients who had progressed or discontinued
treatment with detectable baseline plasma EGFRm (resistance analysis
subset). Patients who did not have detectable plasma EGFRm at
baseline were excluded. In addition, 19 patients from China were
excluded due to sample export limitations. For the overall FLAURA
population, study entry criteria for EGFRm were based on tissue
sample analysis.

Plasma ctDNA and tissue analysis
Serial plasma samples were collected at baseline, 2 weeks, 3 weeks,
6 weeks, 9 weeks, 12 weeks and every 6 weeks thereafter, as well as at
disease progression and/or treatment discontinuation. This analysis
assessed paired plasma samples collected at baseline and following
disease progression and/or treatment discontinuation up to March
2019. Where a sample was available at both progression and at treat-
ment discontinuation, data are reported for the last sample collected,
as treatment with osimertinib was allowed following progression.
Consequently, samples from patients who remained on treatment
post-progression would have been taken after disease progression
occurred. Plasma ctDNA samples were analyzed using NGS (Guardant
Health, Guardant360 74 gene panel or GuardantOMNI 500 gene
panel). All 74 genes on the Guardant360 panel were included in the
GuardantOMNI 500 gene panel. The limit of variant allelic fraction
detected was 0.04–0.06%. All analyses from each patient (at baseline
and following progression and/or treatment discontinuation) were
reported only for genes included across both panels used. Genomic
alterations were identified using Guardant Health’s proprietary bioin-
formatics pipeline46,47.

Baseline tumor tissue samples were used to analyze co-occurring
mutations at baseline that would be associated with suboptimal
response to osimertinib. Sufficient tissue for additional genomic ana-
lyses from the mandatory tumor tissue biopsy collected during
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screening was available from 147 patients. Tissue samples were ana-
lyzed using the FoundationOne CDx panel48.

Assessments
Disease progressionwas assessed by the investigator, according to the
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1,
every 6 weeks for 18 months, then every 12 weeks until objective
progressive disease. After primary data cutoff (June 2017), tumor
assessments were carried out in line with clinical practice, and scans
were not centrally collected. Acquired mechanisms of resistance were
identified inboth treatment armsby comparingpairedplasma samples
at baseline and at disease progression and/or treatment discontinua-
tion in patients with detectable plasma EGFRm at baseline. Primary
mechanisms of resistancewere identified in both treatment arms from
tissue samples collected at baseline in patients with and without
detectable plasma EGFRm. Baseline tissue and plasma NGS samples
frompatients with detectable EGFRmwere also compared. Duration of
randomized treatment was defined as the time from randomization
until end of EGFR-TKI treatment, and was determined for candidate
resistance mechanisms in the osimertinib arm and presented as
swimmer plots.

Statistical methods
This pre-specified preliminary analysis was exploratory in nature and,
as such, data were summarized using descriptive statistics. Plasma
samples at progression or treatment discontinuation included in the
paired analysis were collected up until March 2019. Clinical data were
analyzed using June 12, 2017 data cutoff; in patients with events
occurring after June 12, 2017 were censored in clinical analyses.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The de-identified patient data generated in this study are provided in
Supplementary Data 1. Specific consent for sequencing data deposi-
tion was not obtained frompatients. Anonymized patient-level clinical
data, aggregated clinical data and/or anonymized clinical study
documents underlying the findings described in this manuscript may
be obtained in accordance with AstraZeneca’s data sharing policy
described at: http://astrazenecagrouptrials.pharmacm.com/ST/
Submission/Disclosure. Since at the time of this publication the
FLAURA trial is still ongoing, the studydatawill be accessible at https://
vivli.org/ when the trial is completed. In the meantime, requests to
access the data from the FLAURA trial described in the current
manuscript can be submitted through: https://vivli.org/members/
enquiries-about-studies-not-listed-on-the-vivli-platform/. Requested
data is available from approval of the request typically for one year.
Some patients/countries may need to be excluded based on the
informed consent form or country‐level legislation. Use of data must
comply with the requirements of Human Genetics Resources Admin-
istration of China and patients who have withdrawn consent for data
use will be removed from the shared dataset. Patient-level image or
genetic data is not available for access. The remaining data are avail-
able within the Article and Supplementary Information.
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