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ABSTRACT

Introduction: EGFR tyrosine kinase inhibitor (EGFR-TKI)-
sensitizing and -resistance mutations may be detected in
plasma through circulating tumor DNA (ctDNA). Circulating
tumor DNA level changes reflect alterations in tumor
burden and could be a dynamic indicator of treatment ef-
fect. This analysis aimed to determine whether longitudinal
EGFR-mutation ctDNA testing could detect progressive
disease (PD) before radiologic detection.

Methods: This was a retrospective, exploratory ctDNA
analysis in two phase 3 trials (FLAURA, NCT02296125;
AURA3, NCT02151981). Patients had treatment-naïve
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(FLAURA) or EGFR-TKI pre-treated (AURA3) advanced
NSCLC with EGFR mutations and on-study PD (RECIST
[Response Evaluation Criteria in Solid Tumors]), with a
baseline ctDNA result and EGFR-mutation ctDNA monitoring
beyond Cycle 3 Day 1. Patients received osimertinib versus
comparator EGFR-TKIs (FLAURA) or chemotherapy
(AURA3). Outcomes included time from ctDNA PD to RECIST
PD and the first subsequent treatment (FLAURA only).

Results: Circulating tumor DNA PD preceded or co-occurred
with RECIST-defined PD in 93 out of 146 patients (64%) in
FLAURA and 82 out of 146 patients (56%) in AURA3. Median
time from ctDNA PD to RECIST-defined PD (mo) was 3.4 and
2.6 in the osimertinib and comparator EGFR-TKI arms
(FLAURA) and 2.8 and 1.5 in the osimertinib and chemo-
therapy arms (AURA3). In FLAURA, the median time from
ctDNA PD to the first subsequent treatment (mo) was 6.0
and 4.7 in the osimertinib (n ¼ 51) and comparator EGFR-
TKI arms (n ¼ 70).

Conclusions: Among patients with EGFR mutation-positive
advanced NSCLC receiving EGFR-TKI or chemotherapy
with ctDNA data and RECIST-defined PD, ctDNA PD
preceded/co-occurred with RECIST-defined PD in approxi-
mately 60% of cases. Longitudinal ctDNA monitoring may
detect PD before radiologic PD.

� 2024 International Association for the Study of Lung Can-
cer. Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Keywords: Circulating tumor DNA; EGFRmutations; Non-small
cell lung cancer; Osimertinib; Resistance
Introduction
Osimertinib is a third-generation, irreversible, oral

EGFR tyrosine kinase inhibitor (EGFR-TKI) that potently
and selectively inhibits both EGFR-TKI-sensitizing
mutations (including EGFR exon 19 deletion [Ex19del]
and L858R; EGFR mutation-positive [EGFRm]) and
EGFR T790M-resistance mutations.1 Osimertinib has
demonstrated efficacy in EGFRm advanced NSCLC
including central nervous system (CNS) metastases.2–5

Osimertinib was first approved for the treatment of
patients with EGFR T790M-positive advanced NSCLC
whose disease had progressed during or after EGFR-TKI
therapy.6 The randomized, phase 3 AURA3 clinical
trial (NCT02151981) compared osimertinib and
platinum-based chemotherapy in this patient population.4

Patients treated with osimertinib had significantly
improved progression-free survival (PFS) compared with
those treated with platinum-based chemotherapy (hazard
ratio [HR] ¼ 0.30; 95% confidence interval [CI]: 0.23–
0.41], p<0.001; median 10.1 versus 4.4mo),4 although
no statistically significant benefit in overall survival
was observed (HR ¼ 0.87 [95% CI: 0.67–1.12],
p ¼ 0.277; median 26.8 versus 22.5 mo).7 Osimertinib
was subsequently assessed as a first-line treatment for
patients with EGFRm-positive advanced NSCLC in the
randomized, phase 3 FLAURA trial (NCT02296125).2

In FLAURA, patients who received osimertinib had signif-
icantly improved PFS compared with comparator EGFR-
TKI (erlotinib/gefitinib; HR ¼ 0.46 [95% CI: 0.37–0.57],
p < 0.001; median 18.9 versus 10.2 mo).2 This translated
into a statistically significant and clinically meaningful
overall survival benefit (HR¼ 0.80 [95.05%CI: 0.64–1.00],
p¼ 0.046;median 38.6 versus 31.8mo)with longer follow-
up despite the cross-over design of the study.8 As a result,
osimertinib is the preferred first-line treatment in patients
with EGFRm-positive advanced NSCLC.9

Optimal use of targeted therapies requires practical
and timely methods to detect and monitor targetable
genotypes. Despite being standard in NSCLC molecular
characterization, challenges in routine tissue biopsy-based
tumor genotyping have led to growing interest in less
invasive alternative liquid biopsy approaches, including
the analysis of circulating tumor DNA (ctDNA).9,10 Assays
for ctDNA are currently used in clinical practice for the
detection of EGFR-TKI-sensitizing and resistance mutations
in patients with insufficient tumor tissue specimens or in
patients from whom tissue specimens are not obtainable at
diagnosis or progressive disease/relapse (PD).11 Changes
in ctDNA levels during EGFR-TKI treatment may reflect
variations in tumor burden and could represent a dynamic
indicator of treatment effect.12 Post-hoc analyses of
FLAURA and AURA3 indicated that ctDNA clearance of
EGFRm after 3 or 6 weeks of EGFR-TKI treatment was
associated with a favorable prognosis.13

We hypothesized that serial longitudinal EGFRm testing
of ctDNA could be used to detect PD before radiologic or
clinical PD. In this exploratory analysis of the phase 3
FLAURA and AURA3 studies, we assessed serial EGFRm
ctDNA testing of common (Ex19del or L858R) and resis-
tance (T790M [FLAURA only] and C797S) EGFR mutations
for advanced molecular detection of PD and resistance
mechanisms using a cost-effective, clinical-grade droplet
digital polymerase chain reaction (ddPCR) assay. Specif-
ically, we assessed the lead times between PD defined by
EGFRm and resistance ctDNA biomarkers (ctDNA PD) and
radiologic RECIST version 1.1-defined PD (RECIST PD). For
FLAURA, we also assessed the lead time between ctDNA
PD and the start of the first subsequent treatment (FST).
Materials and Methods
Trial Designs

Full details of the FLAURA and AURA3 trials have
been published previously.2,4 Briefly, FLAURA was a
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phase 3, double-blind, randomized study that assessed
the efficacy and safety of osimertinib versus comparator
EGFR-TKIs (erlotinib or gefitinib) in treatment-naïve
patients with EGFRm-positive advanced NSCLC. Patients
with CNS metastases whose condition was neurologi-
cally stable were eligible. Patients were stratified based
on EGFR mutation status (Ex19del or L858R) and race
(Asian or non-Asian), and randomly assigned (1:1) to
receive oral osimertinib 80 mg once daily (QD) or
comparator EGFR-TKI (gefitinib 250 mg or erlotinib 150
mg QD). AURA3 was a randomized, open-label, phase 3
trial that assessed the efficacy and safety of osimertinib
versus platinum-based doublet chemotherapy in pa-
tients with EGFR T790M-positive advanced NSCLC
whose disease progressed after first-line EGFR-TKI
therapy. Patients with CNS metastases whose condition
was neurologically stable were eligible. Patients were
stratified based on race (Asian or non-Asian) and
randomly assigned (2:1) to receive oral osimertinib (80
mg QD) or platinum-based doublet chemotherapy
(pemetrexed 500 mg/m2 plus either carboplatin target
area under the curve five, or cisplatin 75 mg/m2) every
three weeks for up to six cycles. Patients who did not
have PD after four cycles of platinum therapy plus
pemetrexed could continue maintenance pemetrexed
according to the approved label. In both studies,
treatment was continued until PD, development of un-
acceptable adverse events, or withdrawal of consent.
Treatment beyond PD (assessed by the investigator
according to RECIST version 1.1) was allowed if
there was continued clinical benefit, as judged by the
investigator.

FLAURA and AURA3 were conducted in accordance
with the principles outlined in the Declaration of
Helsinki, Good Clinical Practice, and local regulatory
requirements and were approved by the institutional
review boards or independent ethics committees of
the participating study centers. The data underlying
the findings described in this manuscript may be ob-
tained in accordance with AstraZeneca’s data-sharing
policy.
Objectives
The objective of this retrospective longitudinal ctDNA

analysis was to investigate ctDNA samples for the
detection of both common (Ex19del, L858R) and ac-
quired resistance (T790M [FLAURA only] and C797S)
EGFR mutations for advanced molecular detection of
PD and acquired resistance mechanisms in patients
treated with osimertinib versus comparator EGFR-TKI
(FLAURA) or platinum-based doublet chemotherapy
(AURA3).
Participants
The provision of informed consent was mandatory

for all patients who underwent plasma sampling. Sam-
ples from patients who withdrew their consent were
excluded from the analysis. Patients included from
FLAURA had either RECIST PD by June 2017 or had a
PD/treatment discontinuation ctDNA sample available
by March 2018, or both. Patients included from AURA3
had either RECIST PD by April 2016 or had a PD/treatment
discontinuation ctDNA sample available by March 2019,
or both. Due to export limitations, samples from patients
enrolled in People’s Republic of China were excluded
from our analyses.

To be evaluated, patients were required to have a
valid baseline ctDNA result and valid longitudinal
EGFRm ctDNA monitoring beyond Cycle 3 Day 1. Gaps in
ctDNA sampling were part of the exclusion criteria in
this exploratory study and defined as when no samples
were available for more than 56 days (two consecutive
sample time points plus 2-week sampling window). Pa-
tients with sampling gaps were excluded unless the gap
was after detection of ctDNA PD or at least one ctDNA
sample with a valid (absence of technical failure) result
was collected after the gap but before ctDNA PD was
detected. The rationale for using sampling gaps as part of
the exclusion criteria was based on the possibility that a
patient may have ctDNA PD during the gap. If such
ctDNA PD is detected later, the time of ctDNA PD
detection and associated lead times would be biased.
Sampling and Testing
Plasma samples were collected on Cycle 1, Days 1, 8,

and 15; Cycles 2–7, Day 1; Cycles 8þ, every 6 weeks
from Day 1 until treatment discontinuation. One cycle
was defined as 21 days of treatment. Blood was collected
into tubes containing ethylenediaminetetraacetic acid,
mixed thoroughly, and centrifuged for 10 minutes at
2000 g at 4�C, within 4 hours of collection. The plasma
supernatant was removed and placed into a new tube
and then cleared by centrifugation under the same
conditions. The resulting cleared plasma samples were
stored in cryovials at �70�C until use.

Detection of EGFR mutations (Ex19del, L858R,
T790M, and C797S) in ctDNA was performed using
ddPCR (Biodesix GeneStrat®) analysis. Only samples
collected after Cycle 3 Day 1 were assessed for C797S
because acquired C797S mutations were not expected in
the first 6 weeks of treatment.
Assessments
Clinical outcomes assessed in this exploratory anal-

ysis included the following lead times: time from ctDNA
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PD (presence of Ex19del or L858R, in FLAURA and
AURA3) to RECIST PD or when the patient received their
FST (FLAURA only); and time from ctDNA resistance
marker identification (T790M [FLAURA only] or C797S)
to RECIST PD and FST (FLAURA only). Circulating tumor
DNA PD was analyzed in relation to the presence of
Ex19del or L858R EGFR mutations and defined with
respect to the nadir ctDNA result and its proximity to the
ddPCR detection limit and lower limit of quantification
(Table 1). Further details on the definition of ctDNA PD
are provided in the Supplementary Methods.

Tumor assessments according to RECIST version 1.1
were performed at baseline, every 6 weeks (±1 wk) for
18 months, and then every 12 weeks (±1 wk) until PD in
FLAURA and at baseline and then every 6 weeks (±1 wk)
until PD in AURA3.

Progression-free survival and time to FST (TFST;
FLAURA only) were included as overall measures.
Progression-free survival was determined by investi-
gator assessment according to RECIST version 1.1 and
was defined as the time from randomization to objective
PD, or death, irrespective of withdrawal from the trial or
treatment with another anticancer therapy before pro-
gression. TFST was defined as the time from randomi-
zation to the start date of FST after the discontinuation
of randomized treatment or death.

Statistics
Data analysis variables included lead times for common

EGFRm; for FLAURA resistant C797S and T790M ctDNA
mutation detection was compared to RECIST PD and FST,
for AURA3 resistant C797S ctDNA mutation detection was
compared to RECIST PD only. The sample size was deter-
mined by the availability of plasma samples collected for
ctDNA analysis. Descriptive statistics (medians and inter-
quartile ranges [IQRs]) were used in this analysis.

Results
Patient Disposition (FLAURA and AURA3)

Of the 556 patients randomized in FLAURA, 176 had
valid longitudinal ctDNA monitoring (without gaps)
beyond Cycle 3 Day 1 using a clinical-grade EGFRm
focused ddPCR assay (Biodesix GeneStrat®). Of these,
173 were eligible for ctDNA PD to FST lead-time analysis
Table 1. Nadir ctDNA Results and Respective Disease Progressi

Nadir ctDNA Result

Positive (above LLOQ)
Positive (below LLOQ) or non-confirmed negative
Confirmed negative (at two consecutive time points and could

include the baseline sample) (i.e., clearance)

LLOQ is defined as �30 mutant droplets.
ctDNA, circulating tumor DNA; LLOQ, lower limit of quantification; PD, progres
(TFST-eligible population), 146 were eligible for ctDNA
PD to RECIST PD lead-time analysis (PFS-eligible popu-
lation) and 57 patients with a resistance mutation
detected were eligible for ctDNA resistance mutation
detection to FST lead-time analysis (Fig. 1A). Of the 419
patients randomized in AURA3, 146 had valid longitu-
dinal ctDNA monitoring (without gaps) beyond Cycle 3
Day 1. All of these 146 patients were eligible for ctDNA
PD to RECIST PD lead-time analysis and 12 patients with
a resistance C797S mutation detected were eligible for
ctDNA resistance mutation detection to RECIST PD lead-
time analysis (Fig. 1B).

Patient Demographics and Disease
Characteristics (FLAURA and AURA3)

Patient demographics and disease characteristics of
the PFS- and TFST-eligible populations in FLAURA and
the PFS-eligible population in AURA3 are shown in
Supplementary Tables 1 and 2, respectively. Patient de-
mographics and disease characteristics per treatment
arm in FLAURA (PFS- and TFST-eligible) and AURA3
(PFS-eligible) are presented in Supplementary Tables 3
and 4, respectively.

ctDNA Disease Progression Analysis
Lead Time From ctDNA PD to FST (FLAURA Only).
Among 173 eligible patients in FLAURA with a TFST
recorded event, 121 patients (70%) across treatment
arms met our criteria for ctDNA PD (Supplementary
Table 5) and 52 patients (30%) did not have ctDNA PD
detected. Circulating tumor DNA PD was detected at the
same time, or earlier than the start of FST in all 121
patients with ctDNA PD detected. Median lead time from
ctDNA PD to FST was 4.9 months (IQR: 3.2–8.0) in all
patients; 6.0 months (IQR: 3.7–8.4) in the osimertinib
arm and 4.7 months (IQR: 3.0–7.7) in the comparator
EGFR-TKI arm (Fig. 2A). Lead times for each patient are
shown in Figure 2B and Supplementary Figure 1A.

Lead Time From ctDNA PD to RECIST PD (FLAURA
and AURA3). Among 146 eligible patients in FLAURA
with a RECIST PD event, 106 patients (73%) across
treatment arms met our criteria for ctDNA PD whereas
40 patients (27%) with RECIST PD did not have ctDNA
on Thresholds

ctDNA PD Threshold

A 100% increase in mutant allele fraction at one time point
Any positive result above the LLOQ
Two consecutive positive results (below LLOQ) OR any one positive

result (above LLOQ)

sive disease.



All randomized patients in FLAURA (N=556)

Patients with ctDNA PD 
(n=106; including one without a TFST recorded event)

Patients with RECIST PD and TFST recorded events
(n=144)

Patients with ctDNA PD
(n=121)

Patients with valid longitudinal monitoring ctDNA data beyond Cycle 3 Day 1
(n=179)

Patients with RECIST PD
(n=146)

Osimertinib
(n=51)

C797S detected
(n=4)

Comparator EGFR-TKI
(n=70)

T790M detected
(n=53)

Patients excluded (n=377)

•  Missing or no ctDNA 
   samples/withdrawn consent (n=33)
•  No RECIST 1.1-defined PD by
   12 June 2017 or treatment 
   discontinuation sample by March 
   2018: post-Cycle 3 Day 1 samples 
   not profiled (n=306)
•  China samples† (n=19)
•  No central tissue EGFR status and 
   non-shedder by ddPCR (n=18)
•  Switch in EGFRm observed (n=3‡)

A

Osimertinib
(n=40)

C797S detected
(n=2)

Comparator EGFR-TKI
(n=66)

T790M detected
(n=50)

Patients without gaps* in 
longitudinal ctDNA sampling 

(n=176)

Patients with TFST recorded event 
(n=173)

Patients excluded (n=265)
• No ctDNA samples (n=52)
• Missing samples / withdrawn 
  consent sample unavailable (n=69)
• Invalid C1D1 ddPCR result (n=5)
• Discordant EGFR status between 
  central tissue/plasma and C1D1 
  ddPCR (n=2)
• No ctDNA data after C1D1 or 
  C3D1 (n=131)
• No central tissue EGFR status and 
  non-shedder by ddPCR (n=5)
• Switch in EGFRm observed (n=1)

B

Patients with valid longitudinal monitoring ctDNA data beyond Cycle 3 Day 1 
(n=154)

Patients without gaps* in 
longitudinal ctDNA sampling 

(n=146)

Patients with RECIST PD
(n=146)

Osimertinib
(n=48)

Chemotherapy
(n=40)

C797S detected
(n=12)

All randomized patients in AURA3
(N=419)

Patients with ctDNA PD
(n=88)

Figure 1. Patient disposition for exploratory analyses in FLAURA (A) and AURA3 (B). *Sampling gaps were defined as no
samples within >56 days (due to the possibility that patients may have ctDNA PD within the sampling gap). A gap in ctDNA
sampling was only allowed in the following scenarios: 1) the gap was after the detection of ctDNA PD or 2) at least one ctDNA
sample with a valid result was available after the gap, but before ctDNA PD was detected; †Not tested due to sample export
limitations; ‡Includes two patients who were also excluded by multiple criteria. ctDNA, circulating tumor DNA; ddPCR,
droplet digital polymerase chain reaction; EGFRm, EGFR mutation-positive; PD, progressive disease; RECIST, Response
Evaluation Criteria in Solid Tumors; TFST, time to first subsequent treatment; TKI, tyrosine kinase inhibitor.
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PD detected by treatment discontinuation. ctDNA PD
was detected at the same time as, or earlier than, RECIST
PD in 93 out of 146 patients (64%), with a median lead
time between ctDNA PD to RECIST PD of 2.7 months
(IQR: 1.2–5.1). Of these 93 patients, ctDNA PD was
detected at the same time as RECIST PD (defined as
within 1 week of RECIST PD) in 10 patients (11%) and
was detected earlier than RECIST PD in 83 patients
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and individual patient lead times as a waterfall plot (B). In Panel A, the outer box lines represent the 25th and 75th quartiles,
the center box line represents the median, and the whiskers represent the minimum (calculated as Q1 minus 1.5 multiplied
by IQR) and maximum (calculated as Q3 plus 1.5 multiplied by IQR). *Equivalent indicates ctDNA PD detection within 1 week
of RECIST PD to account for the ctDNA sampling window. ctDNA, circulating tumor DNA; FST, first subsequent treatment; IQR,
interquartile range; PD, progressive disease; RECIST, Response Evaluation Criteria in Solid Tumors; TKI, tyrosine kinase
inhibitor.
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(89%). ctDNA PD at the same time as, or earlier than,
RECIST PD was observed in 35 out of 54 (65%) and 58
out of 92 (63%) patients in the osimertinib and
comparator EGFR-TKI arms, respectively. Median lead
time from ctDNA PD to RECIST PD was 3.4 months (IQR:
1.4–5.3) in the osimertinib treatment arm and 2.6
months (IQR: 1.1–4.9) in the comparator EGFR-TKI arm
(Fig. 3A). ctDNA PD was observed ahead of RECIST PD
except in 13 out of 146 patients (9%); lead times varied
between patients (Fig. 3B and Supplementary Fig. 1B).
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In AURA3, 88 of 146 eligible patients (60%) across
treatment arms met our criteria for ctDNA PD
(Supplementary Table 6) whereas 58 patients (40%)
did not have ctDNA PD detected by treatment
discontinuation. ctDNA PD was detected at the same
time as, or earlier than, RECIST PD in 82 out of 146
patients (56%), with a median lead time of 1.9 months
(IQR: 0.7–3.1). Of these 82 patients, ctDNA PD was
detected at the same time as RECIST PD in 14 patients
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6 out of 146 (4%) patients; lead times varied between
patients (Fig. 3D).

ctDNA Resistance Analysis
Lead Time From ctDNA Resistance Detection to FST
(FLAURA Only). Acquired C797S (in the osimertinib
arm) or T790M (in the EGFR-TKI comparator arm)
resistance mutations were detected in 4 out of 51 pa-
tients (8%) and 53 out of 70 patients (76%) with ctDNA
PD in the osimertinib and comparator EGFR-TKI arms,
A

0 63
Lead time from ctDNA resistance to FST, m

T7
90

M
/C

79
7S

B

Lead time from ctDNA resist
0 3 6

Figure 4. Lead time from ctDNA resistance marker identificat
detected resistance mutation presented as a box plot (A) and a w
25th and 75th quartiles, the center box line represents the media
minus 1.5 multiplied by IQR) and maximum (calculated as Q3 pl
first subsequent treatment; IQR, interquartile range; TKI, tyro
respectively. The median time from treatment start to
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start to T790M detection in the comparator EGFR-TKI arm
was 8.3 months (IQR: 5.6–12.4). Median lead time from
detection of acquired C797S or T790M in patients with
ctDNA PD to when patients received their FST was 3.8
months (IQR: 2.3–6.0; Fig. 4A). Lead times from ctDNA
resistance marker detection to start of FST per patient are
shown in Figure 4B and Supplementary Figure 1C.
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Lead Time From ctDNA Resistance Detection to
RECIST PD (FLAURA and AURA3). Of 106 patients with
ctDNA PD and RECIST PD in FLAURA, resistance muta-
tions were detected in 52 patients (two patients
receiving osimertinib had C797S detected and 50 pa-
tients receiving comparator EGFR-TKI had T790M
detected). Eleven of these patients were not included
in this lead time analysis because they did not have
ctDNA resistance detected at the same time as, or
earlier than, RECIST PD. Among the 41 patients
remaining (two with C797S detected and 39 with
T790M), the median lead time from detection of ac-
quired C797S or T790M to identification of RECIST PD
was 1.4 months (IQR: 0.5–3.4) (Fig. 5A). A summary of the
results for individual patients is provided in Figure 5B
and Supplementary Figure 1D.

Analysis of resistance mutations in AURA3 was
restricted to C797S in the osimertinib arm (as all
patients had tumors with EGFR T790M). Of 48
osimertinib-treated patients with ctDNA PD and RECIST
PD, C797S was detected in 12 patients (25%). Two of
these patients had a sampling gap and were excluded
from the lead time analyses. The median time from
treatment start to detection of C797S was 8.6 months
(IQR: 8.3–10.4). Most of the acquired C797S mutations
were detected in ctDNA after RECIST PD (6/10, 60%;
Supplementary Fig. 2).
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Discussion
We report serial longitudinal ctDNA monitoring in

patients with EGFRm-positive advanced NSCLC who
were treated with first-line osimertinib versus compar-
ator EGFR-TKIs, or second-line osimertinib versus
platinum-based doublet chemotherapy in the phase 3
FLAURA and AURA3 studies, respectively. Levels of
ctDNA are principally a function of two factors: tumor
bulk and tumor cell turnover.14–16 Initial reduction in
EGFRm ctDNA levels may indicate that tumors are
responding to treatment, whereas subsequent increase
in EGFRm ctDNA levels may indicate PD and potential
resistance. Of note, serial ctDNA monitoring in this study
was performed using a simple, plasma-only, Clinical
Laboratory Improvements Amendments / College of
American Pathologists assay in a relatively cost-effective
manner.

In EGFRm-positive NSCLC, longitudinal monitoring of
EGFRm ctDNA offers insight into treatment effects and a
potential opportunity for advanced detection of molec-
ular PD and the development of resistance mecha-
nisms.15,17 Our findings in the evaluable FLAURA
population demonstrated that EGFRm ctDNA PD was
observed in 106 out of 146 eligible patients (73%) with
RECIST PD. In AURA3, 88 out of 146 eligible patients
(60%) with RECIST PD had ctDNA PD. ctDNA PD pre-
ceded, or co-occurred with, the identification of RECIST
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PD in approximately 60% of cases. Among these pa-
tients, the median time from ctDNA PD detection to
RECIST PD in patients receiving osimertinib was 3.4
months in FLAURA and 2.8 months in AURA3. We also
evaluated the time from ctDNA PD to FST in the FLAURA
trial. ctDNA PD preceded FST in all cases, with a me-
dian lead time from ctDNA PD to FST in the osimerti-
nib arm of 6.0 months. A similar analysis of ctDNA PD
relative to FST in AURA3 was not conducted owing to
the second-line setting of this study.

Overall, our findings suggest that the detection of
dynamic changes in ctDNA levels may serve as a marker
preceding PD in patients with EGFRm-positive advanced
NSCLC who are undergoing treatment. This finding
supports previous analyses from the AURA3 and
FLAURA trials, demonstrating that clearance of ctDNA
after 3 and 6 weeks of EGFR-TKI therapy was associated
with improvements in PFS.13 The longer lead time be-
tween ctDNA and FST compared with RECIST-defined
PD was expected, owing to the continuation of osi-
mertinib beyond RECIST-defined PD due to ongoing
clinical benefit or limited second-line treatment options.
This means that the lead time between ctDNA PD and
RECIST PD is representative with respect to the avail-
ability of second-line treatment options.

The lead time advantage between ctDNA molecular
PD and RECIST-defined PD or FST may provide patients
and physicians with a much-needed opportunity to
discuss subsequent therapy options while the current
therapy is still providing clinical and radiologic benefits.
This extra time can be significant, as patients often value
discussions concerning the next lines of treatment or
participation in clinical trials, enabling them to make
well-informed decisions.18,19 Furthermore, it may pro-
vide clinicians more time to perform comprehensive
biomarker profiling, for example, using next-generation
sequencing (NGS) for resistance markers, to better
inform subsequent treatment selection,20,21 including
osimertinib in combination with chemotherapy or tar-
geted therapies, or consider enrollment into clinical tri-
als. In addition, molecular detection of disease
progression may allow clinicians to organize more
frequent positron emission tomography investigative
scans to identify the development of oligometastases
before further systemic spread, which can be treated
with stereotactic ablative radiotherapy.22 However, the
cost-effectiveness of using ctDNA to detect PD before
radiologic PD (including its impact on subsequent im-
aging, treatment, and clinical outcomes) needs to be
determined. Since this was an exploratory, retrospective
analysis based on patients who had either RECIST PD or
had discontinued study treatment, or both, further pro-
spective studies are needed to confirm these lead-time
findings. Identifying progression earlier might alter the
natural history of the disease and improve survival due
to more timely clinical intervention.

In addition to using ctDNA to define PD, we explored
the utility of ctDNA analysis for advanced detection of
resistance markers. In the current analysis, the T790M
mutation was identified in 76% of patients in the
comparator EGFR-TKI arm of FLAURA. This is higher
than the prevalence reported in a separate ctDNA anal-
ysis using NGS in FLAURA (T790M prevalence in
comparator arm, 44%)23 and in other studies and
reviews (T790M prevalence, w50%–60%).24,25 This
difference may reflect an enrichment of patients with
early PD in our analysis compared with the overall
FLAURA population, as patients must have had a disease
progression/discontinuation sample collected relatively
early in the study. In addition, different techniques may
affect rates of T790M detection.26 In this analysis, C797S
resistance mutations were detected in 8% of
osimertinib-treated patients in the FLAURA study and
25% of those in AURA3. This is consistent with other
reports that identification of C797S is more common in
the second-line setting (w20% of patients) than in the
first-line setting.27–30 In terms of lead times, acquired
resistance mutations in the FLAURA trial (C797S in the
osimertinib arm and T790M in the EGFR-TKI compar-
ator arm) could be detected a median of 1.4 months
ahead of RECIST PD and 3.8 months ahead of FST; lead
times varied between individual patients. It should be
noted that the majority of resistance mutations detected
in FLAURA were T790M from the comparator EGFR-TKI
arm, hence the lead times between the detection of ac-
quired resistance mutations and RECIST PD or FST, are
predominantly based on T790M. Interestingly, in AURA3,
detection of acquired C797S tended to occur after
RECIST PD, likely related to the compressed progression
timeline in the second-line setting. The clinical implica-
tions of these ctDNA lead times are currently unclear.

Although our study presents informative results,
there are some limitations that should be considered.
Firstly, our analysis focused on EGFR ctDNA profiling;
with ctDNA-based detection of PD based solely on
EGFRm, other potentially relevant genes (e.g., MET) were
not explored. In addition, traditional tumor markers
(e.g., CEA) were not explored in this analysis; however,
previous studies have demonstrated the greater sensi-
tivity and specificity of ctDNA analysis compared with
tumor markers in solid tumors.31,32 We used a single
mutation-genotyping technology (ddPCR), whereas
recent technologies such as NGS may be of more value as
they can rapidly sequence multiple mutation types
across many genes simultaneously.33–35 Moreover,
depending on the panel details, NGS can detect rare and
previously uncharacterized alterations in sequenced
genes.20 This will increase the understanding of tumor
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evolution during treatment, and the predictive capacity
of liquid biopsy-based ctDNA analysis and may have
the potential to better inform clinical decision-making
along the patient journey.36 In addition, the focus on
changes in ctDNA levels in patients with PD limited the
conduction of specificity analyses, as false-positive
ctDNA PD events could not be recorded. However,
given the conservative definition of ctDNA PD
(Supplementary Methods), coupled with the enduring
ctDNA signals within this analysis, false positives are
believed to be unlikely. Furthermore, this focus meant
that there was an inherent imbalance in data between
treatment arms, with most cases of PD occurring in the
comparator/standard of care arms of the original
studies. In addition, the lead time from ctDNA PD to
RECIST PD analysis is biased as the sampling schedule
for plasma collection included early time points at Cycle
1, Day 1, 8, and 15, Cycle 2 Day 1, and Cycle 3 Day 1,
whereas RECIST tumor assessments were every 6
weeks; as such, if RECIST assessments occurred earlier,
or more frequently, the lead time may be reduced.
However, no patients had ctDNA PD detected before
Cycle 3 Day 1 (time point of the first RECIST scan), and
thereafter sampling was aligned with RECIST assessment
timings. Moreover, the lead times from ctDNA PD detection
to RECIST PD of 3.4 and 2.8 months with osimertinib in
FLAURA and AURA3, respectively, are longer than the gap
between scan intervals, suggesting this had a limited
impact. This also demonstrates the advantage of more
frequent plasma collection compared with the current
frequency of radiographic clinical monitoring as more
regular sampling can detect molecular disease progression
sooner. Importantly, the lead times reported here are
specific for the schedules of both FLAURA and AURA3, and
it is possible that the lead time may differ with different
sampling schedules.

As brain scans were only mandated in patients with
known or suspected CNS metastases at baseline in both
FLAURA and AURA3, the baseline CNS status in these
studies is incomplete. In addition, RECIST PD was not
recorded in sufficient detail to differentiate cases of
CNS-only PD from PD that included a CNS component,
among other sites. Therefore, no comment on the asso-
ciation of ctDNA detection with CNS metastases can be
made; however, we acknowledge that CNS-only PD may
potentially explain cases of apparent PD without a cor-
responding rise in ctDNA. This analysis only included
data from plasma samples; further studies and analyses
with paired tissue samples will elucidate further insights
into intrinsic resistance and acquired resistance mecha-
nisms. Another limitation was that although the TFST
data were mature, many FLAURA-enrolled patients were
excluded (n ¼ 306) because they did not have RECIST
PD or a treatment discontinuation sample at data
cutoff, leading to an imbalance in the number of patients
in each treatment arm. This may indicate that our data
are likely to be more representative of early progressors
than the overall FLAURA patient population.2 Further
studies should be undertaken to cover broader patient
populations.

In conclusion, our results indicate that longitudinal
ctDNA monitoring has the potential to detect molecular
signs of PD and resistance, often preceding RECIST
PD. This presents the opportunity for a lead-time,
ctDNA-driven management approach, enabling more
timely clinical interventions or proactive planning for
appropriate clinical studies.
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