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Background: EGEFR T790M testing is the standard of care for activating EGFR mutation (EGFRm) non-
small cell lung cancer INSCLC) progressing on 1st/2nd generation TKIs to select patients for osimertinib.
Despite sensitive assays, detection of circulating tumour deoxyribonucleic acid (ctDNA) is variable and
influenced by clinical factors. The number and location of sites of progressive disease at time of testing were
reviewed to explore the effect on EGFR ctDNA detection. The prognostic value of EGFR ctDNA detection
on survival outcomes was assessed.

Methods: Following extraction of cell-free DNA from plasma using the QIAamp Circulating Nucleic
Acid Kit, custom droplet digital polymerase chair reaction (ddPCR) assays were used to assess EGFR
ctDNA using the Bio-Rad QX200 system. The ddPCR assay has a limit of detection of <0.15% variant
allele fraction. Baseline characteristics and imaging reports at time of EGFR ctDNA testing were reviewed
retrospectively for a 1 year period.

Results: The study included 177 patients who had an EGFR ctDNA test. Liver (2OR 3.13) or bone (aOR 2.76)
progression or 3-5 sites of progression (aOR 2.22) were predictive of EGFR ¢tDNA detection. The median
OS from first ctDNA test after multiple testing iterations was 12.3 m undetectable EGFR c¢tDNA, 7.6 m for
original EGFR mutation only and 24.1 m with T790M (P=0.001).

Conclusions: Patients with liver or bone progression and 3—5 progressing sites are more likely to have
informative EGFR ctDNA testing. Detection of EGFR c¢tDNA is a negative prognostic indicator in the
absence of a T790M resistance mutation, potentially reflecting the disease burden in the absence of targeted

therapy options.
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Introduction

Epidermal growth factor receptor (EGFR) circulating
tumour deoxyribonucleic acid (ctDNA) testing has
been incorporated into routine testing for molecular
characterization of non-small cell lung cancer (NSCLC). In
addition to being utilized to determine of first line therapy
options for patients with insufficient tissue, it is used to
screen patients with advanced EGFR mutant NSCLC
progressing on 1st or 2nd generation TKIs for the presence
of the EGFR T790M mutation (1). ctDNA EGFR mutation
detection can facilitate determination of appropriate first,
second or third generation EGFR TKI therapy without
the risks of a tissue biopsy. Clinically it is equally effective
in patients with the mutation detected on tissue or plasma
genotyping (2-5).

The relative paucity of ctDNA in the circulation
mandates the use of an ultrasensitive detection method such
as next generation sequencing, droplet digital polymerase
chair reaction (ddPCR) or real-time PCR methods (6-9).
Despite very sensitive technologies, ctDNA detection can
be difficult in patients on EGFR targeted therapy due to the
low burden of residual disease, genetically heterogeneous
clonal populations and slow rate of disease progression on
acquired resistance. Therefore, the identification of the
original activating mutation in plasma may be problematic
for these reasons and detection of the subpopulation of
T790M clones represents an even greater challenge.

Several commercially available kits are now available
for EGFR ctDNA testing. Regulatory approved EGFR
ctDNA testing include the Cobas EGFR Mutations Test
version 2 (Roche Molecular Diagnostics; FDA approval for
EGFR dell9, L858R, and T790M testing), Therascreen
EGFR Rotor-Gene Q (RGQ) Plasma polymerase chain
reaction (PCR) kit (Qiagen Inc.; FDA and European Union
approved for EGFR del19 and EGFR L858R detection)
and AmoyDx Super Amplification Refractory Mutation
System (ARMS) EGFR mutation test (AmoyDx; Chinese
Food and Drug Administration approval for detection of
EGEFR del19, 858R, and T790M) (10-12). Multi-gene next-
generation sequencing liquid biopsy platforms are also
readily accessible (13,14). While a multitude of commercial
options are available, the sensitivity of ctDNA testing can
be challenging and can delay treatment decision making if
the result is inconclusive and a biopsy is required.

The goal of our study was to identify patient factors that
predict for the detection of the activating and resistance
EGFR mutations in the ctDNA using a laboratory

© Translational Lung Cancer Research. All rights reserved.

1085

developed test and to assess the value of ctDNA detection
as an indicator of aggressiveness of disease and outcomes.

Methods

All patients with advanced EGFR mutant NSCLC
undergoing ctDNA testing from February 2018 to March
2019 at BC Cancer were identified. Baseline characteristics,
imaging data at time of ctDNA testing and follow-up data
were collected retrospectively. Baseline CT scan results
nearest to the date of ctDNA testing were reviewed by one
clinical investigator (AP) to identify number and location
of sites of progressive disease with randomized quality
assurance assessments by a second clinical investigator
(CH). Metastatic sites were defined as metastases noted on
CT imaging. Progression sites were defined as individual
lesions that increased by a minimum of 20% in the greatest
dimension or new lesions that developed on CT imaging.
Progression categories were selected based on local
practices for stereotactic body radiation therapy for <5
lesions. Overall survival was calculated from the timepoint
of the first EGFR ctDNA test until death.

Twenty mL of peripheral blood was collected in Streck
tubes (Streck, La Vista, Nebraska) which were processed
to separate the plasma within 3 days. Plasma separation
was performed using a two-step centrifugation which
included a 1,900 g spin for 10 minutes at 4 °C followed by
a 16,000 g spin for 10 minutes at 4 °C, and stored at -80 °C
in CryoVials. Extraction of cell-free DNA (cfDNA) from
10 ml plasma was performed using two separate columns of
the QIAamp Circulating Nucleic Acid kit (Qiagen, Hliden,
Germany). Eluted volumes were combined and quantified
by a Qubit™ fluorometer (ThermoFisher Scientific,
Waltham, MA, USA) with the dsDNA High Sensitivity
assay kit.

Custom ddPCR assays were used to test for the
appropriate EGFR activating mutation (exon 19 deletion,
L858R or G719A/C/S) and the EGFR T790M resistance
mutation using the Bio-Rad QX200 system (Bio-Rad
Laboratories, Hercules, California). The limit of detection
of the custom designed ddPCR assays was <0.15% variant
allele fraction.

The presence or absence of the original activating
mutation and EGFR T790M was reported. In our clinical
testing algorithm, if the ctDNA specimen was positive for
the original mutation and negative for the T790M mutation
it was considered a true negative for T790M. The rationale
was that if T790M could not be detected in the presence of
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Table 1 Baseline characteristics of EGFR mutation positive patients
treated with a first line EGFR TKI at the time of plasma ctDNA
testing for T790M detection (n=177)

Characteristics N %
Median age (years) 66
Sex
Female 111 63
Male 66 37
Asian ethnicity 98 55

Smoking status

Never smoker 107 61

Former smoker 57 32

Current smoker 12 7
Histology

Adenocarcinoma 172 97

NSCLC, not otherwise specified 4 2

Squamous cell carcinoma 1 1

Original EGFR mutation

Exon 19 deletion 96 54
Exon 21 L858R 62 35
Rare or multiple mutations 18 10
T790M 1 1

Number of prior lines of treatments at the time of
ctDNA testing

1 108 61
2 44 25
3 or more 24 14

Prior EGFR TKI
Gefitinib/erlotinib 112/4 65
Afatinib 61 35

NSCLC, non-small cell lung cancer; EGFR, epidermal growth
factor receptor; ctDNA, circulating tumour deoxyribonucleic
acid.

the original activating mutation then it did not represent
a clinically significant proportion of the disease burden to
determine next line of therapy. If the original activation
mutation and/or T790M was not detectable the result was
reported as indeterminate.

The primary objective was to identify clinical predictors
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of a positive ctDNA test. Statistical analysis included Chi
squared test, Fisher’s exact test and logistical regression.
The secondary outcome measured was overall survival (OS)
calculated from the date of ctDNA testing to death or last
follow-up. The first ctDNA test was done at the time of
clinically significant disease progression as decided by the
treating physician. Repeat ctDNA tests were performed
at clinician discretion. Survival outcomes were compared
using the Kaplan Meier method, log rank test and Cox
proportional hazards test. All statistical analysis was carried
out using SPSS version 25 (Armonk, NY: IBM Corp.).

All data was collected and analyzed as per local ethical
approval (H18-02964, University of British Columbia, BC
Cancer Research Ethics Board). Patient consent was not
obtained for this retrospective review.

Results

EGFR ctDNA tests were performed on 177 patients with
EGFR mutant NSCLC (Table 1). A total of 136 patients
had only one ctDNA test, 33 had two tests and 8 had three
or more. At the time of first ctDNA testing, the median
age was 66 years, 63% of patients were female, 61% were
never smokers and 55% were of Asian ethnicity. Routine
tissue genotyping at diagnosis showed that 54% patients
had tumours with an EGFR exon 19 deletion, 35% had
an EGFR L858R mutation, 5% had more than 1 EGFR
mutation, 5% had an uncommon EGFR mutation and 1%
had a de novo EGFR T790M mutation. Prior EGFR TKI
treatment was with a first generation TKI in 65% and
second generation TKI in 35%. The median duration of
initial EGFR TKI therapy was 14.9 months (m).

The median time from diagnosis of metastatic disease
to ctDNA testing was 16.9 m. At the time of first EGFR
ctDNA test, 101 (57%) had undetectable original or
T790M EGFR mutation, 51 (29%) were positive for the
original mutation and EGFR T790M, 23 (13%) were
positive for the original EGFR mutation alone and 2 (1%)
were positive for EGFR T790M alone. The sensitivity of
the test was 43% for EGFR ctDNA detection.

Imaging data was available for 175 patients at the time
of first EGFR ctDNA testing with the location and number
of sites of progressive disease as shown in Tuble 2. 40%
of patients had greater than 10 sites of metastatic disease.
All sites of progression were recorded for each patient at
the time of first ctDNA testing, the most common sites
of progression were lung 65%, bone 31% and pleura/
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Table 2 Disease burden and disease progression status of EGFR mutation positive patients at the time of first plasma ctDNA testing with

radiographic imaging (n=175)

UVA for ctDNA positivity MVA for ctDNA positivity
Clinical characteristics N %
OR P value aOR P value

Number of sites of metastatic disease

0-2 sites 11 6 1

3-5 sites 41 24 2.09 (0.39-11.07) 0.38

6-9 sites 53 30 2.73 (0.53-13.92) 0.23

>10 sites 70 40 6.36 (1.28-31.65) 0.02
Sites of progression*

Adrenal 9 5 1.07 (0.28-4.13) 0.92

Bone 55 31 3.12 (1.61-6.05) 0.001 2.76 (1.37-5.52) 0.004

Brain/leptomeningeal 32 18 0.65 (0.29-1.44) 0.29

Liver 19 11 3.29 (1.19-9.10) 0.02 3.13 (1.06-9.24) 0.04

Lung 113 65 0.96 (0.51-1.79) 0.89

Pleura/peritoneum 37 21 2.04 (0.98-4.26) 0.06
Summary sites of progression

Intrathoracic only 70 40 1

Extrathoracic 105 60 1.81(0.97-3.38) 0.06
Number of sites of progression

0-2 sites 65 38 1 1

3-5 sites 55 31 2.51 (1.19-5.30) 0.02 2.22 (1.03-4.82) 0.04

6 or greater sites 55 31 2.02 (0.96-4.26) 0.07 1.31 (0.58-2.95) 0.51

*, Patients may have progressed at more than one site. EGFR, epidermal growth factor receptor; ctDNA, circulating tumour
deoxyribonucleic acid; UVA, univariate analysis; OR, odds ratio; MVA, multi-variate analysis; aOR, adjusted odds ratio.

peritoneum 21%. Progression was seen in 0-2 sites in 38%
of patients, 3-5 sites 31%, 6 or greater sites 31%.

ctDNA positivity with the original EGFR mutation or
original mutation and T790M was noted in 76 of the 175
patients at first ctDNA test with radiographic imaging
available. On univariate analysis, predictors for ctDNA
first test positivity included the presence of greater than 10
metastases, bone metastases, liver metastases and 3-5 sites
of disease progression (1zble 2). On multivariate analysis
including bony progression, liver progression and number
of progressing sites, the presence of liver or bone metastases
and 3-5 progressing sites remained statistically significant
predictors of ctDNA positivity at the time of first ctDNA
test.

Of the 177 patients, 96 received subsequent lines of
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treatment; 66 (37%) received osimertinib, 30 (17%)
platinum doublet chemotherapy and 81 (46%) continued
the first line EGFR TKI or were deceased before initiation
of next line of treatment. There were 28 (29%) patients
who received 3™ line treatment; platinum doublet (36%),
osimertinib (25%), first or second generation EGFR
TKI (14%), single agent chemotherapy (14%) and
immunotherapy (11%).

Repeated ctDNA testing was conducted in 41 patients,
with up to 2 repeat ctDNA tests 12 patients were identified
to have a T790M mutation. The median time from first
to second ctDNA test was 1.6 m (interquartile range,
0.7-2.9 m). Forty-seven patients that had an initial ctDNA
test had a subsequent tissue-based EGFR test of which
15 were T790M positive. 27 of the 101 patients with an
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Table 3 Univariate and multivariate analysis for predictors of mortality from time of first EGFR ctDNA testing

UVA for death MVA for death
Clinical characteristic
HR P value aHR P value
Increasing age 1.01 (0.99-1.04) 0.20
Female vs. male 0.7 (0.42-1.16) 0.16
Original activating mutation
Exon 19 deletion vs. L858R 1.13 (0.66-1.95) 0.66
Number of sites of metastatic disease
0-2 sites 1
3-5 sites 1.65 (0.36-7.65) 0.52
6-9 sites 1.44 (0.33-6.36) 0.63
>10 sites 3.02 (0.72-12.61) 0.13
Number of sites of progression
0-2 sites 1 1
3-5 sites 1.02 (0.52-1.99) 0.96 0.81(0.41-1.63) 0.56
6 or greater sites 1.88 (1.01-3.51) 0.05 2.88 (0.95-8.70) 0.16
EGFR ctDNA status at first test
Undetectable 1 1
Original mutation only 4.07 (2.17-7.63) <0.001 4.33 (2.28-8.22) <0.001
Original + T790M 1.65 (0.91-2.99) 0.10 1.61 (0.85-3.05) 0.14

EGFR, epidermal growth factor receptor; ctDNA, circulating tumour deoxyribonucleic acid; UVA, univariate analysis; MVA, multi-variate

analysis; HR, hazard ratio; aHR, adjusted hazard ratio.

indeterminate first ctDNA test result went on to be T790M
positive on subsequent testing. In total, there were 80
patients who had a detectable T790M mutation by initial
or repeat plasma or tissue-based testing, which accounts for
45% of the whole population. After repeat testing, there
were a total of 64 patients who had an indeterminate result
for T790M status due to undetectable EGFR ctDNA,
inability to biopsy or death.

The median overall survival (OS) from time of first
ctDNA testing was 13.2 m including all patients regardless
of ctDNA testing results. The median OS was 8.18 m in the
patients who had detectable EGFR c¢tDNA versus 25.3 m
with undetectable EGFR c¢tDNA at first testing (P=0.001).
The median OS from first ctDNA test was 7.6 m for original
EGFR mutation only (n=33), 12.3 m for undetectable
ctDNA (n=64) and 24.1 m with T790M (n=80) (Figure
1, P=0.001). In univariate analysis for OS, the presence
of the original EGFR mutation only and 6 or greater
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sites of progression had a higher risk of death (Tuble 3).
In multivariate analysis, the original EGFR mutation only
was predictive of mortality.

Discussion

Our study demonstrated that in patients progressing on first
line EGFR TKI, the presence of bone or liver metastases
and progression in 3-5 sites were predictors for EGFR
ctDNA detection. Awareness of ctDNA shedding predictive
factors may facilitate decision-making with respect to
understanding the likelihood of an informative outcome
from an EGFR ctDNA test and the need for arranging
alternative tissue-based testing. Our study also noted that
the detection of the original EGFR ¢tDNA mutation only
at the time of disease progression on first line EGFR TKI is
a negative prognostic indicator, potentially reflecting disease
activity in the absence of a targetable treatment option.
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Overall survival from the time of first plasma EGFR ctDNA test
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Figure 1 Overall survival for patients with detectable EGFR T790M ctDNA (24.1 m: dotted line), detectable original EGFR mutation
ctDNA (7.6 m: dashed line) and undetectable EGFR ctDNA (12.3 m: dashed line) after all iterations of testing. EGFR, epidermal growth

factor receptor; ctDNA, circulating tumour deoxyribonucleic acid.

The widespread adoption of EGFR ctDNA testing to
genotype NSCLC has facilitated improved care of EGFR
mutation positive NSCLC lung cancer patients. Regulatory
approved liquid biopsy EGFR testing platforms have been
evaluated in the real world. In the ASSESS study, newly
diagnosed treatment-naive advanced NSCLC patients
provided diagnostic tissue/cytologic and plasma samples.
Comparison of the Cobas EGFR Mutation plasma test
versus tumour tissue demonstrated that the plasma testing
had a sensitivity of 46% with tissue testing as the gold
standard (15). Similarly, IGNITE, a study with a similar
design and the same testing platform involving over
2500 matched specimens, noted a sensitivity of 46.9%
for the plasma test (16). In the post first line EGFR TKI
population, a pooled analysis of the AURA extension and
AURA? phase II studies of osimertinib for T790M positive
patients noted that the Cobas plasma test detected the
T790M mutation in 61% of tumor tissue T790M mutation-
positive patients (17). In our study, knowing that all patients
had an EGFR mutation at the outset, the sensitivity of our
laboratory developed EGFR ctDNA test was 43% for the
original and/or T790M mutation. This result is similar to
other studies noting that many other studies were done at
baseline prior to EGFR TKI administration when patients
may have higher levels of ctDNA due to the untreated
disease status.

Predictors of ctDNA positivity can provide useful
clinical guidance for patients who require timely transition
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of therapy. In patients with progressive disease that has an
aggressive trajectory, the treating physician may opt for
arranging a more invasive test if the likelihood of EGFR
ctDNA detection is low. Our study identified liver and
bone progression as being associated with EGFR ctDNA
detection. This is in agreement with other cohorts that
demonstrated that bone and higher burden of metastatic
disease is more frequently associated with a positive EGFR
ctDNA test (18,19). Passiglia er 4/. noted that it is more
difficult to detect EGFR ctDNA in the first line setting
when limited to intrathoracic (Mla) disease as compared
with extrathoracic (M1b) disease, a trend that was also noted
in our data (Table 2, P=0.06) (20). In a resource limited
environment this information may also guide physicians as
to when to consider testing in slowly progressive disease.
The number of sites of progressive disease also predicted
for ctDNA detection when there were 3-5 progressive
sites but not for patients with 6-10 sites of progressive
disease. This may reflect that the anatomical site of disease
progression is more important than the absolute number of
sites of progressive disease e.g., the influence of progression
in multiple bony metastases as compared with multiple
pulmonary nodules. The small sample size for this group
may have also made it more difficult to detect differences.
Our assay evaluates both the original EGFR mutation and
EGFR T790M and so our data suggests that these features
are predictive of EGFR c¢tDNA after first line EGFR TKI,
not specifically T790M positivity in contrast to other

Transl Lung Cancer Res 2020;9(4):1084-1092 | http://dx.doi.org/10.21037/tler-19-581



1090

studies.

Patients with detectable ctDNA for the original mutation
only had poorer outcomes than those with detectable
EGFR T790M ctDNA as demonstrated in Figure 1. This
may reflect the limited therapeutic options for patients with
an EGFR T790M independent mechanism of acquired
resistance to EGFR TXKIs in contrast to the options for
patients with T790M (4). Of patients who did not have
any detectable EGFR ctDNA at first testing, 28% had
subsequent identification of a T790M mutation by plasma
or tissue. After the multiple iterations of testing, the
median OS of patients with undetectable EGFR c¢tDNA
was 12.3 months, potentially due to a lower burden of
progressing disease. The timepoint of first EGFR ctDNA
test was selected to calculate the OS as it was felt to
represent the timepoint at which the treating physician
felt there was sufficient progression to consider a change
in systemic therapy. Lee ez al. found that both progression
free survival (PFS) and OS were superior in patients who
had undetectable EGFR ctDNA after 2 months of EGFR
TKI therapy. Longitudinal follow up of these patients also
noted the ability to detect progression by EGFR ctDNA
levels earlier than the radiographic investigations (21). In
another study, lower levels of EGFR ctDNA at baseline
was associated with better PFS, however not OS (22).
Detectable c¢tDNA is a useful tool to gauge aggressiveness
of disease and the need to plan further investigations or
subsequent lines of treatment for patient care.

Our study is novel and of value as it reflects real-
world use of EGFR ctDNA testing in North America and
examines the influence of the site and number of progressive
disease sites on ctDNA detection. Furthermore, we
demonstrate the prognostic implication of different patterns
of EGFR ctDNA detected at this clinical timepoint. Our
data validates the results of other studies that have examined
the prognostic value in the post-treatment and treatment
naive setting and location of metastasis in the post-first line
EGFR TKI setting (18,20,23). The study has the limitation
of using an in-house laboratory developed test at BC
Cancer which had not been directly compared to regulatory
approved EGFR ctDNA tests and we did not have a gold
standard tissue T790M testing on every patient. The use of
droplet digital PCR for EGFR c¢tDNA detection however
has been widely adopted and this assay had been cross
validated nationally (24,25). Several studies have already
demonstrated the comparison between mutation detection
in plasma and tissue and highlighted that due to tumor
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heterogeneity, plasma ctDNA may more accurately reflect
clinically relevant clones (3,9). In addition, the centralized
laboratory services used in this study provide cancer genetic
analysis for a total population of 4.6 million individuals over
a geographic area of 944,735 km’, allowing for a spectrum
of clinical and logistical situations to be included in the
analysis.

Conclusions

In conclusion, liver or bone metastases and a higher number
of progressing lesions were predictors for detectable
EGFR c¢tDNA with our laboratory developed test. The
performance of our test was similar to regulatory approved
EGFR ctDNA platforms examined in the real world.
The presence of detectable EGFR ctDNA in the absence
of a T790M mutation is a negative prognostic indicator
associated with a higher burden progressing disease and
poorer overall survival. EGFR ctDNA testing provides
valuable information for patients progressing on first line
EGFR TKIs from a treatment selection and prognostic
perspective.
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