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Plasma pre-treatment T790M relative allelic frequency in patients
with advanced EGFR-mutated non-small cell lung cancer predicts
treatment response to subsequent-line osimertinib
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Background: Approximately half of all patients with advanced EGFR-mutant NSCLC will develop
acquired resistance to first or second-generation EGFR tyrosine kinase inhibitors (EGFR-TKIs) with a
T790M mutation. In the AURA3 trial, patients with a T790M mutation had a response rate of 71% to
osimertinib, a third-generation EGFR-TKI. The response to osimertinib may vary according to plasma
T790M mutation frequency. Our aim was to determine the effect of plasma T790M mutation load on
treatment response to osimertinib in an Australian multi-institutional cohort.

Methods: We performed a retrospective study on patients treated with osimertinib in the second-line
setting and beyond between 2016-2018 from ten centres in Australia, who had T790M mutations detected
in tumour or plasma. The primary objective was to investigate if there was a difference in disease control
rate (DCR) between patients with high vs. low T790M relative allelic frequency (RAF) as detected in plasma,
using a 0.3 RAF cut-off, as determined by ddPCR or BEAMing PCR. Secondary objective was to determine
the survival outcomes according to high versus low plasma T790M RAF. Additional analyses were performed
to investigate the survival outcome for patients with plasma versus tissue T790M positivity.

Results: A total of 139 patients were included in this study. Patients with higher RAF demonstrated higher
DCR (74% vs. 36%, P=0.02), however there was no statistically significant difference in survival outcomes in
the two groups. Exploratory analysis showed that patients with tissue T790M+ had improved DCR compared
with those with plasma T790M+ (89% vs. 68%, P=0.01) and longer progression free survival (median 15.4
vs. 9.7 months; HR 0.51, 95% CI: 0.34 to 0.77, P=0.003) and overall survival (median not reached, HR 0.51,
95% CI: 0.30 to 0.86, P=0.02). Patients who were tissue T790M+ demonstrated superior survival compared
to plasma T790M+ after correcting for confounding variables in a multivariate model.

Conclusions: DCR was superior in patients with higher plasma T790M mutation load versus lower plasma
T790M mutational load, without significant survival benefit. Plasma T790M RAF is a potential predictive

biomarker which should be investigated and validated in larger prospective studies.
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Introduction

Patients with epidermal growth factor receptor-mutated
(EGFR+) non-small cell lung cancer (NSCLC) have a high
response rate to first-line EGFR tyrosine kinase inhibitors
(TKI) and typically have a better prognosis than EGFR-
wildtype NSCLC patients. However, almost all patients
will develop disease progression due to development of
treatment resistance to first/second-generation EGFR-
TKI after a median of 9 to 13 months on therapy (1-4).
Approximately half of these patients will acquire a
secondary EGFR mutation in exon 20 of EGFR, the T790M
mutation. Substitution of methionine for threonine at
position 790 (Thr790Met) in exon 20 of the EGFR confers
acquired resistance to first/second-generation EGFR-TKI.
The bulky methionine side chain causes steric hindrance,
affecting the ability of first/second-generation EGFR-TKIs
to bind to the ATP kinase pocket (5) and alters the affinity
of EGFR to ATP as the favoured substrate (6). Detection of
this secondary T790M mutation predicts treatment response
to osimertinib (AZD9291), a third-generation EGFR-
TKI, which targets both the original EGFR sensitising and
T790M resistance mutations. Osimertinib was approved by
the Therapeutic Goods Administration (TGA) in Australia
in August 2016 (7), for the treatment of patients with locally
advanced or metastatic EGFR T790M mutation positive
NSCLC based on the AURA trials (8,9). Osimertinib has
shown superior response rates and progression-free survival
(PFS) compared with chemotherapy in this group of
patients (median PFS 10.1 vs. 4.4 months; HR 0.3; 95% CI:
0.23-0.41; P<0.001) (9).

The National Comprehensive Cancer Network (NCCN)
treatment guidelines advocate actionable mutation
screening as standard of care (10), but sufficient tumour
tissue to yield adequate DNA is often difficult to obtain,
especially in the relapsed and metastatic settings (11).
Clinically relevant mutations may also change during the
course of treatment (12), an evolution that is difficult to
monitor through sequential tissue biopsies. Spatial and
temporal tumour heterogeneity makes accurate assessment
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of resistance mutations based on the biopsy of a single
metastatic site challenging. A reliable and non-invasive
method for detection of clinically actionable mutation is
therefore essential for the effective delivery of precision
medicine for patients with NSCLC.

Plasma circulating tumour DNA (ctDNA) testing to
diagnose EGFR sensitising mutations and T790M mutation
was approved by the FDA in 2015 (13). Patients with
positive plasma testing showed similar response rates to
osimertinib compared with patients who tested positive on
tissue biopsy (14). Plasma testing for EGFR and T790M
mutations can be done using several methods including
polymerase chain reaction (PCR) and next generation
sequencing (NGS) platforms. These methods will quantify
the copy number of EGFR and T790M mutant and
wildtype alleles. Currently, the NCCN guidelines also
recommend the use of liquid biopsy as an alternative to
tissue biopsy for initial T790M mutation testing. If the
plasma biopsy is negative then tissue biopsy is recommended
where feasible (15).

T790M relative allelic frequency (RAF) is defined
as the proportion of T790M mutant allelic frequency
(AF) compared with the EGFR driver mutant AF. This
proportion varies from patient to patient due to underlying
disease biology. Studies in tumour and cytology samples
have shown that T790M AF might correlate with treatment
response with osimertinib and survival outcome (16,17).
In an exploratory analysis of the phase I dose escalation
AURA study, Oxnard ez a/. (14) reported that increased
T790M RAF was not associated overall with a greater depth
of response (R =-0.183) to osimertinib, but patients with
T790M RAF >10% showed a greater depth of response
compared with those with T790M RAF <10%. To our
knowledge, the impact of pre-treatment T790M resistance
mutation RAF on disease control rate (DCR) and survival
outcome has not been formally assessed in any large study
using the standard full dose of osimertinib in the real-
world setting. We hypothesise that as plasma testing could
quantify mutation burden, baseline T790M mutation load
could be a useful biomarker with prognostic value for
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patients with EGFR+ NSCLC.

Previous study using receiver operating characteristics
(ROC) curve analysis has identified plasma T790M RAF
cut-off values of 0.22 and 0.3 (18,19). These small studies
showed that there is a difference in survival outcomes for
patients with high vs. low T790M RAF at the respective cut-
off points. Using the same T790M RAF cut-off point of 0.3,
we report on the DCR and survival of patients treated with
second/subsequent-line osimertinib stratified based on pre-
treatment plasma T790M RAF. In addition, this study also
investigates the DCR and survival of patients with tumour vs.
plasma T790M positivity. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/tlcr-20-1125).

Methods
Patients

Eligible patients included those treated with osimertinib
in the second-line setting and beyond. Prior to osimertinib
being available on the Pharmaceutical Benefit Scheme (PBS)
in Australia, patients with EGFR+ NSCLC who developed
disease progression after first-line EGFR-TKI were eligible
for T790M plasma testing in Australia with provision of
osimertinib in those who tested positive (by plasma or
tissue) via a compassionate access program provided by
AstraZeneca between September 2016 and August 2018.
From February 2019, osimertinib was reimbursed by the
PBS in Australia based on tumour but not plasma T790M
positivity. Therefore, we also included patients with tumour
T790M positivity to determine if there is a difference in
treatment outcome when compared with patients with
plasma T790M positivity.

Data on demographics, disease characteristics, T790M
RAF and treatment outcome were collected. All patients
received osimertinib 80 mg daily as a starting dose,
with dose reductions or interruptions according to the
clinicians’ discretion due to treatment toxicity or disease
progression. Plasma testing was conducted at three
different national association of testing authorities (NATA)
accredited laboratories (NATA is the authority that provides
independent assurance of technical competence in Australia).
All three laboratories used digital PCR platforms [BEAMing
PCR (20,21) and droplet digital PCR (22)]. Only one
laboratory used the exon 19 deletion assay that is designed
to detect the loss of wild type sequence, which will be more
capable of picking up the sequence deletion irrespective
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of the deletion variants {Seki, 2016 #297}. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). This study was approved by Human
Research ethics committee (HREC) protocols from Royal
Prince Alfred Hospital, Australia (Protocol number X18-
0327, LNR/18/RPAH/462) and individual consent for this
retrospective analysis was waived.

Efficacy assessment

Radiological treatment response data were retrieved from
original radiological reports or documentation made by
treating clinicians; there was no independent radiological
imaging review. The first evaluation of treatment response
was done at approximately 3 months of treatment with
osimertinib and then assessed at approximately three to
six monthly intervals until disease progression as per local
standard practice. DCR was defined as complete response,
partial response or stable disease. This was assessed at
first radiological assessment at approximately 3 months of
treatment.

Overall survival (OS) was defined as the time from
the first dose of osimertinib to the date of death due to
any cause. Patients who were alive at the time of the final
analysis or who became lost to follow-up were censored at
their last known alive date. Progression-free survival (PFS)
was defined as the time from the first dose of osimertinib
to the date of the first documented disease progression or
death. Patients who remained progression-free and still
alive at the time of analysis were censored on the date of
their last clinical follow-up.

Data was collected by reviewing patients’ electronic or
paper medical records; with missing data, attempts were
made to retrieve this data by consulting individual clinicians.

Determination of allelic frequency (AF) and T790M
relative allelic frequency (RAF)

AF of each somatic mutation was calculated as the
percentage of mutant DNA allele reads relative to total
DNA allele reads (mutant plus wildtype). The T790M RAF
was calculated as the ratio of T790M allelic frequency to
EGFR driver allelic frequency. In patients where EGFR
driver mutation was not detected (n=10), we determined
this was likely due to the low sensitivity of EGFR activating
mutation assays to detect low AF in these samples, therefore
the AF for EGFR activating mutations will be lower than
AF for T790M mutation for these samples. We categorised
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Table 1 Baseline patient and disease characteristics

N=139

Patient/disease characteristics

Age (median) 67 (range 34-90)

Gender
Female (%) 91 (65%)
Male (%) 48 (35%)

ECOG Performance Status

0-1 (%) 104 (75%)

>2 (%) 35 (25%)
Ethnicity

Asian (%) 89 (64%)

Others (%) 50 (37%)
Smoking status

Never smoker (%) 95 (68%)

Current/former (%) 44 (32%)
EGFR mutations at diagnosis

Exon 19 deletion 77 (55%)

L858R 57 (41%)

Uncommon mutations 5 (4%)
Number of sites of metastases

1-3 84 (60%)

>4 55 (40%)
T790M+ detection

Plasma 99 (71%)

Tissue 40 (29%)
Plasma EGFR mutation test

BEAMing digital PCR 75 (76%)

Droplet digital PCR 24 (24%)

ECOG, Eastern Cooperative Oncology Group.

the RAF ratio to be >0.3.

Statistical analysis

Patient demographics, disease and treatment information
were analysed descriptively (7able 1). PFS and OS were
estimated using Kaplan-Meier analysis. Cox regression
was used to determine whether relative allelic frequency
(RAF) of T790M was associated with OS and PFS. Fisher’s
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exact test was used to determine whether RAF is associated
with DCR. All analyses were performed using IBM SPSS
Statistics (Version 25) and GraphPad Prism (Version 8.4.3)
and P values were calculated based on deviation from zero
with P<0.05 being statistically significant. Graphs were
generated in GraphPad Prism 8.4.3.

The primary objective was to investigate if there was
a difference in DCR between patients with high vs. low
relative allelic frequency (RAF) assessed from ctDNA, using
a 0.3 RAF cut-off. Secondary objectives include survival
outcome in patients with high vs. low RAF, and patients
with plasma versus tissue T790M positivity.

Results
Patients

A total of 147 patients were identified from ten different
sites in Australia (Table I). Eight patients were excluded
due to the reasons listed in Figure 1. Of the 139 included
patients, the majority were female (65%), most had Eastern
Cooperative Oncology Group (ECOG) performance status
of <1 (75%), 64% were of Asian ethnicity, and 68% were
never smokers. Five patients (4%) had uncommon EGFR
mutations detected at baseline (2 with compound mutations,
1 with G719S, 1 with L861Q, 1 with S768I). 80% of patients
received osimertinib as second-line therapy and 20%
received osimertinib as third/fourth-line therapy. Tuble 1
summarises the demographic and disease characteristics of
the patients.

Ninety-nine patients (71%) were treated based on plasma
T790M positivity and 40 (29%) based on tissue T790M
positivity. Eleven/99 patients who were plasma T790M+
tested negative on tissue for T790M. Of the 40 patients
who were tissue T790M+, 25 patients had an upfront tissue
biopsy with no plasma testing and 15 had tissue biopsy due
to negative plasma T790M results. In total, 26 patients had
both tumour and plasma T790M results available. For this
real-world study, a tissue test was only performed if liquid
biopsy was negative (or vice versa). Therefore, patients who
were tested EGFR T790M positive on a second test always
had a discordant result (Figure I). All plasma testing was
done using digital PCR platforms (84% BEAMing, 16%
droplet digital PCR) (Figure 2).

Overall, DCR was 73%, median progression-free
survival (PFS) was 12.3 months (96% CI: 9.7-14.9 months)
and median overall survival (OS) was not reached. Median
follow-up duration was 17.1 months for PFS and OS
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Total patients identified from record
N=147

Total excluded N=8
2 had rociletinib

Y

Y

5 records missing
1 not tested for T790M

Total patients included in analysis
N=139

Y

Plasma T790M positive*
N=99

|
Y Y

v

Tumour T790M positive”
N=40

T790M RAF results unavailable
N=22 N=77

T790M RAF available

Figure 1 Flow chart showing proportion of patients who were tested positive for T790M in plasma and tumour. *11/99 patient who were

plasma T790M positive had negative tumour T790M biopsy prior. *15/40 patients who were tumour T790M positive had negative plasma

T790M prior. RAF, relative allelic frequency.
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Figure 2 Scatter plots showing the distribution of RAF (ratio
of T790M mutant alleles compared with the EGFR sensitising
mutant alleles) for all patients who had plasma testing based on
testing methods (BEAMing n=56 vs. ddPCR n=11). There was no
statistically significant difference in RAF determined by the two
testing methods (P=0.16).
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analyses.

High vs. low pre-treatment plasma T790M RAF

The median plasma pre-treatment T790M RAF for this
patient cohort (n=77) was 0.64. Using pre-determined RAF
cut-off of 0.3, patients with higher RAF (>0.3) showed
higher DCR compared with those in the lower RAF (<0.3)
group (72% vs. 36%, P=0.02). The median PFS for patients
with higher RAF was numerically longer compared with
patients with lower RAF (median PFS 11.2 vs. 5.4 months;
median OS not reached), but this was not statistically
significant (Figure 3).

Plasma vs. tissue T790M positivity

Exploratory analysis showed that patients with tissue
T790M+ had better disease control rates compared with
those with plasma T790M+ (89% vs. 68%, P=0.01). Patients
with tissue T790M+ also had longer PFS (median 15.4

Trans! Lung Cancer Res 2021;10(4):1623-1634 | http://dx.doi.org/10.21037/tler-20-1125



1628 Ding et al. Plasma T790M RAF predicts osimertinib efficacy in EGFR+ NSCLC

g - High RAF 20.3; n=61, events=41 == High RAF 20.3; n=61, events=24
< 1004 - Lo%v RAF <0.3; n=16, events=10 = 100 - Low RAF <0.3; n=16, events=7
= X
c =
2 g
8 501 % 50-
5 s
7] HR 0.78 (95%Cl 0.37-1.65) 9] HR 0.67 (95%CI 0.26-1.74)
1% >
1] P=0.48 O P=0.35
8’ 0 T T T T T 1 0 T T T T T 1
& 0 3 6 9 12 15 18 0 3 6 9 12 15 18
Duration (months) Duration (months)
No. at risk No. at risk

HighRAF 61 54 42 27 20 11 4
Low RA 16 12 6 5 4 3 2

HighRAF 61 59 51 41 31 23 13
LowRA 16 14 10 9 5 4 3

Figure 3 Survival curves show PFS and OS of patients who were low (red) vs. high (blue) RAF (tumour or plasma). PFS, progression-free

survival; OS, overall survival; RAF, relative allelic frequency.
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Figure 4 Survival curves show PFS and OS of patients who are T790M+ in tissue (red) vs. plasma (blue). PES, progression-free survival; OS,

overall survival.

vs. 9.7 months; HR 2.12, 95% CI: 1.38-3.25, P=0.02) and
OS (median not reached; HR 2.65, 95% CI: 1.49-4.74,
P=0.008) compared to those who were plasma positive
(Figure 4). 70% of patients who were tissue T790M+ had
lower metastatic disease burden (<3 sites of metastatic
disease) compared with 58% of patients who were plasma
T790M+ for our patient cohort. However, there was
no statistical association between tissue/plasma T790M
positivity and disease burden (P=0.25).

Discordant plasma vs. tissue T790M status

A small proportion of patients had discordant tumour/plasma
T790M positivity. Of the 13 patients who were plasma
T790M- and had tissue biopsy with tumour T790M+,
DCR was 77%; of the 11 patients who had upfront tissue
biopsy with tumour T790M- and subsequently was plasma
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T790M+, DCR was 64%.

Univariate and multivariate analysis

We performed univariate and multivariate analyses on
factors which may influence PFS or OS (Table 2). The
variables included in the multivariate model were those
that were found to be associated with survival on univariate
analyses or previously reported to be associated with
survival in clinical trials. Gender, burden of disease, ECOG
performance status and method of T790M detection (plasma
vs. tissue) were chosen as the variables for the multivariate
model. Other clinical factors which may influence survival
such as smoking history, age and brain metastases were
not included as they were not associated with survival on
univariate analysis. Patients who were tissue T790M+
maintained a superior survival (PFS and OS) compared
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Table 2 Univariate and multivariate analyses on factors which may influence PFS and OS
PFS analysis OS analysis

Variable Category Univariate Multivariate Univariate Multivariate

HR 95% Cl P HR 95% ClI P HR 95% Cl P HR  95% CI P
Gender Malevs. Female 1.6 1.08-2.5 0.02 1.6 1.04-2.45 0.03 1.49 0.87-2.55 0.14 142 0.8-247 0.2
Burdenof = High (24 sites)vs.  \ ' 191015 012 121 078188 03 177 1.04-301 003 1.4 08244 024
disease Low (<4 sites)
ECOG
performance ECS:C())i PS2-3vs. 1.34 0.85-2.1 0.21 122 0.77-193 04 214 1.25-3.67 0.006 191 1.1-3.3 0.02
status
T790M )
detection Plasma vs. Tissue 2.04 1.26-3.29 0.004 1.99 1.23-3.24 0.005 2.2 1.14-4.26 0.02 2.12 1.09-4.11 0.03

PFS, progression-free survival; OS, overall survival; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard

ratio.

to plasma T790M+ after accounting for other prognostic
variables.

Discussion

To our knowledge, this is the first multi-centre study based
on real-world clinical data that shows a relationship between
pre-treatment specific plasma mutation burden with disease
outcomes for patients treated with therapy targeted at a
specific mutation. We showed that higher levels of T790M
RAF in plasma, is a predictor of disease control in patients
with T790M+ NSCLC treated with osimertinib. In
addition, we found that patients who were tissue T790M+
had better tumour response (89% vs. 68%) and survival
(median PFS difference of 5.7 months) compared with
patients who were plasma T790M+ when being treated with
osimertinib. However, the DCR was still high at 68% in
patients with plasma T790M+ disease. Superior response to
osimertinib for tissue T790M+ remained in a multivariate
model adjusting for other confounding variables.

Multiple different resistance mechanisms can develop
within the same tumour and at different metastatic sites
within the same patient (23,24). Therefore, when a patient
develops acquired resistance after treatment with a first-
or second-generation EGFR TKI, in addition to T790M+
clones, T790M- clones harbouring EGFR-dependent or
EGFR-independent resistant mechanisms may also occur
concurrently (25). As osimertinib is only effective for
tumour clones harbouring EGFR sensitising or T790M
mutations, investigating surrogates that can represent the
proportion of T790M+ cells and predict how effective
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osimertinib will be in each patient is essential. There are
currently prospective studies investigating if alternating
first-generation EGFR-TKI gefitinib with osimertinib
in the first line setting could affect the appearance of
the T790M+ and T790M- clones and therefore affect
treatment outcome, i.e., OSCILLATE study, ACTRN
12617000720314 and APPLE study, NCT02856893 (26).

Digital PCR platforms such as BEAMing and ddPCR
used for plasma mutation testing for this study are both
highly sensitive and specific. These non-invasive methods
detect and quantify mutant and wildtype alleles in plasma
and are now arguably more widely available and could be
integrated into diagnostic testing at a lower cost compared
to NGS. There has been much interest in the analysis of
surrogates, such as T790M and EGFR sensitising mutation
allelic frequency (AF) to predict response to osimertinib
with inconsistent results observed (18,27,28). In our study,
we have chosen T790M RAF as this value accounts for
both T790M and EGFR sensitising mutation AF, which
is a better surrogate for the proportion of tumour clones
that are T790M+. T790M RAF could be obtained easily
from the results analysed by digital PCR platforms for each
patient. We used a pre-determined T790M RAF threshold
of 0.3 based on previous studies that dichotomise T790M
using ROC curve analysis (18,19). We believe that by
having a set threshold for T790M RAF rather than having
it as a continuous variable will simplify risk stratification in
the clinic and allow clinicians to use this surrogate marker
in clinical practice.

Tumour heterogeneity at disease progression with
first-line EGFR-TKI was previously reported and studies
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have shown that a high tumour proportion for T790M
clones in tumour biopsy predicts a better response to third
generation T790M targeting EGFR-TKIs rociletinib (16)
and osimertinib (17,29). Plasma T790M RAF has also been
shown to correlate with treatment response to osimertinib
(14,17,18). To our knowledge, this is the first large study
using real-world data which showed pre-treatment T790M
RAF in plasma could be used as a predictive biomarker
to osimertinib response. However, despite having better
disease control rate to osimertinib, we did not find a
significant difference in PFS and OS for the group with
high vs. low T790M RAF. The number of patients with
low T790M RAF is relatively small (n=16) with relatively
low event rates, i.e., 10/16 (63 %) for PFS analysis and 7/16
(44%) for OS analysis (Figure 3). Therefore small subgroup
size could have contributed to the absence of statistically
significant differences for survival analyses.

The second part of our study has shown that patients
who were tissue T790M+ had better disease control and
survival when treated with osimertinib compared with the
group who was plasma T790M+. This finding is different to
another published work where patients had similar response
rates and survival outcome whether they were treated with
osimertinib based on plasma or tissue T790M positivity (14).
However, Oxnard et 4/. used patient data from larger
prospective clinical trials (AURA phase 1 escalation and
expansion cohorts), with a different patient population due
to strict trial selection criteria. Almost all patients for the
aforementioned study had both tissue and plasma testing
done, and with approximately 90% of patients who were
considered plasma T790M+ were also tissue T790M+. In
contrast, most patients included in our real-world study only
had one (tissue or plasma) test done. From that perspective,
it is possible that a higher proportion of patients in our
study were plasma T790M+ but tissue T790M-.

Less favourable clinical outcomes in patients who
were plasma T790M+ could be partially related to the
possibility that these patients, with detectable tumour
DNA in the plasma, have larger tumour size, disease
burden and extra-thoracic disease (30,31). This is
consistent with our previous study, in which EGFR+
NSCLC patients with detectable ctDNA at baseline
had higher burden of metastatic disease (32). Further, as
resistant cancers are inherently more heterogeneous than
treatment-naive cancer, highly sensitive plasma testing
could detect small amounts of T790M minor clones which
may not be detected with a single tumour biopsy. Some
of these minor clones of T790M may not be the main

© Translational Lung Cancer Research. All rights reserved.

mechanism of resistance, and therefore may partly explain
the unfavourable outcome of patients who were plasma
T790M+ on osimertinib.

Even though plasma mutation testing and ctDNA
sequencing are now more widely available with impressive
data for their use to detect T790M mutation, they are still
not in routine use in clinical practice where tissue-based
molecular testing remains the standard of care. In Australia,
plasma ctDNA testing for EGFR or T790M mutations does
not attract a Medicare rebate with significant out-of-pocket
charge to patients. In addition, patients who are plasma
T790M+ but tissue T790M unknown or negative will not be
able to access osimertinib under the Australia PBS scheme.

Although tissue biopsy testing has the advantage of
allowing the detection of changes in histology (e.g., small
cell transformation) and assessment of other mutational
changes causing resistance, the heterogeneity within the
tumour and rates of T790M positivity at different metastatic
sites can vary widely (7). Plasma ¢tDNA mutation testing
and sequencing can provide a more representative profile
of the overall predominant resistance mechanisms for
a given patient than a core biopsy from one region of a
single metastatic lesion. This study supports the advantage
of liquid biopsy, over tissue biopsy sampling, which could
provide quantitative information (i.e., RAF) from multiple
tumour sites which could be used as a predictive marker
in the management of EGFR+ NSCLC patients treated
with osimertinib. A small proportion of patients (n=11) had
negative tumour biopsy but were plasma T790M positive,
this group of patients still showed high DCR of 64% in
our study which once again support the utility of plasma
mutation testing for advanced EGFR+ NSCLC patients
where tumour biopsy is not possible. In common with other
studies, our data suggest that those patients with tumour
T790M positivity had better outcomes with osimertinib.

The extent of tumour heterogeneity at treatment
resistance to first-line EGFR-TKI with variable degrees
of T790M+ clones could explain why some patients do
not respond to third-generation EGFR-TKI osimertinib
despite being T790M+ positive in tissue or plasma. The
clinical implication of this is that combination regimens
that also target non-T790M clones are required as acquired
resistance mechanisms do not happen in a binary (positive/
negative) fashion. Due to molecular heterogeneity, some
T790M ‘positive’ cancers have distinct resistant clones
besides T790M.This study supports the growing lines of
evidence that treatment strategies that combine osimertinib
with other agents that target T790 wildtype cells will be
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more likely to produce more durable responses.

We acknowledge that there are limitations for this study.
Firstly, plasma EGFR sensitising and T790M mutation
testing were performed in three separate labs in Australia
using two different PCR platforms for analysis of RAF for
our patient cohort. BEAMing digital PCR and ddPCR were
used which have different accuracies at detecting EGFR
sensitising and T790M mutations. However, we believe
that the difference will be minimal as a cross-platform
comparison study showed that both these platforms have
the same sensitivity at detecting T790M (71%) with similar
concordance rate (70-74%); albeit with ddPCR showing
slightly higher specificity compared with BEAMing
platform (83% wvs. 67%) (33). We also noted that there was
a significant proportion of patient samples with T790M
RAF >1 using BEAMing assay. This could be related to the
suboptimal sensitivity or specificity of T790M or EGFR
sensitising mutation assays. However, this accurately
reflects the data used for determining patient eligibility for
treatment at this point in time and is included as provided
by the NATA accredited laboratory. In addition, not all
laboratories used the most optimal method for plasma
EGEFR exon 19 deletion detection that was designed to
detect the loss of wildtype sequence, which may lead to false
negativity. Unfortunately, the pre-analytical aspects of each
testing platforms are beyond the scope of this retrospective
analysis and we acknowledge that this is a limitation of this
study. Secondly, despite the multivariate analysis showing
tissue T790M+ as an independent prognostic marker, other
potential confounders that could affect the survival outcome
for plasma vs. tissue T790M+ were not available, such as
tumour size (34), discordant plasma and tissue T790M
status (14) and presence of extra-thoracic disease (35).
Finally, the limited sample size and the retrospective design
of this study may yield statistical bias and undefined biases
may have existed and influenced clinical outcomes. Further
large prospective multi-centre validation trials with uniform
testing facilities and PCR platform is needed to confirm our
findings. Our group has previously shown that clearance
of plasma ctDNA for EGFR mutations is associated with
better treatment outcome; with a rise in plasma ctDNA
predicting treatment failure (32). For this study, patients
only had one-off plasma testing, a follow-up study is
warranted to elucidate temporal changes in T790M RAF
and how this correlates with treatment outcome.

In conclusion, this study shows that high pre-treatment
T790M RAF >0.3 is associated with superior disease control
for advanced EGFR+ T790M+ NSCLC patients treated
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with osimertinib. Our findings also suggest that tissue
T790M positivity may be an independent prognostic marker
for this group of patients over plasma T790M positivity.
These findings require confirmation in prospective trials.
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