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Background: Plasma epidermal growth factor receptor (EGFR) mutation tests are widely used when
non-small cell lung cancer (NSCLC) patients acquire resistance to EGFR inhibitors. We comprehensively
evaluated the clinical utility of plasma EGFR test.

Methods: We screened NSCLC patients who had a plasma EGFR test upon acquiring resistance to first-
or second-generation EGFR inhibitors. Plasma EGFR tests were performed with the EGFR mutation test.
Results: A total of 355 patients were tested for plasma EGFR mutations, and T790M was detected in 83
patients (23%). Of 79 patients who were tested multiple times, T790M was newly detected in 13 subsequent
plasma tests. When initial plasma tests did not detect any EGFR mutation types, the detection rate of
T790M in subsequent tests was very low (9%, 5/56), while detection rates of T790M in subsequent tests
increased (35%, 8/23) in those individuals in whom sensitizing mutations had been detected in the initial
plasma test (P=0.005). Paired plasma and tissue EGFR test results were available for 235 patients. Sensitivity
and specificity of the plasma tests for T790M were 14% and 87%, respectively. Among 235 patients,
140 patients had tissue EGFR tests performed after T790M-negative plasma results were reported. The
subsequent tissue test detected T790M in 61% (44/72) of these patients when any EGFR mutations were not
detected in prior plasma tests, while the detection rate of T790M in subsequent tissue tests was 37% (25/68)
when sensitizing mutations were detected in prior plasma tests (P=0.004).

Conclusions: Because the sensitivity of plasma EGFR test for T790M is low, follow-up tissue or plasma
tests are necessary. Presence or absence of a sensitizing mutation in the initial plasma tests can be used to

determine which samples (tissue or plasma) should be submitted for further testing.
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Introduction small cell lung cancer (NSCLC) patients (1,2). However,
Epidermal growth factor receptor (EGFR) tyrosine kinase most patients who are treated with first-line EGFR-TKIs
inhibitors (TKIs), including gefitinib, erlotinib and afatinib, acquire resistance after a median of 9.7 to 13 months (3,4).
are first-line therapies for EGFR-mutant advanced non- Various resistant mechanisms towards first-line EGFR-
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TKIs are known; the most common resistant mechanism is
the EGFR T790M mutation, which has been estimated to
occur in approximately 50% to 60% of patients (5,0).

Osimertinib, a third-generation TKI, showed good clinical
outcomes in patients with EGFR T790M-positive tumors
among patients who acquired resistance to prior EGFR
TKIs (7,8). Though the FLAURA trial showed superior
overall survival (OS) of osimertinib as a first-line therapy in
patients with sensitizing EGFR mutations (exon 19 deletion
or L858R) compared with gefitinib for EGFR-mutant
NSCLC (9), osimertinib is still used as a subsequent regimen
after first- or second-generation EGFR TKIs in many
countries, including Korea, due to its high cost. Therefore,
when patients require subsequent treatment after treatment
with first- or second-generation TKIs, it is important to
evaluate the mechanism of resistance to prior EGFR TKIs.

A repeat tissue biopsy is the standard method for the
detection of the EGFR T790M mutation (2). However,
tissue biopsies are invasive and there is a high risk of
complications (10). Tumors can release DNA in the blood
(plasma), which is referred to as circulating tumor DNA
(ctDNA), and this tumor DNA can easily be accessed
through blood sampling.

The accuracy of plasma EGFR tests was evaluated in
the AURA3 trial. The sensitivity of plasma EGFR test was
51% for the detection of T790M using tissue samples as a
reference in patients who had acquired resistance to prior
EGFR TKIs such as gefitinib, erlotinib, or afatinib (11).
The College of American Pathologists (CAP) cautiously
recommends at the level of ‘Expert consensus opinion’ that
physicians may first select plasma EGFR tests to detect
T790M in all patients who have acquired resistance to first-
or second-generation EGFR TKIs, while reserving testing of
tissue samples for patients with T790M-negative plasma (12).
National Comprehensive Cancer Network (NCCN) adopted
this recommendation, favoring the use of a plasma EGFR
test as a screening method to detect T790M, irrespective of
the feasibility of repeat tissue biopsy (2). The United States
Federal Drug Administration (U.S. FDA) has not, however,
come out in support of routine plasma testing for T790M,
recommending the plasma EGFR test only for patients
whose tumor is ineligible for repeat tissue biopsy.

The cobas® EGFR Mutation Test v2 (Roche Molecular
Systems, Inc., Pleasanton, CA) has been developed to detect
many EGFR mutation types, including T790M, as well as
sensitizing mutations in both tissue and plasma samples.
This method is commonly used as a companion diagnostic
test to select patients who would likely benefit from
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EGFR TKI treatment (13). Several years have passed since
approval of the cobas® plasma EGFR test for the detection
of T790M, and this test is widely used in clinical practice.
However, the pattern of clinical implementation and the
clinical utility of the plasma EGFR test for the detection
of T790M have not been fully evaluated. Furthermore, the
recommendations of the NCCN and US FDA are different
regarding the sequence of implementation of plasma or
tissue EGFR tests for the detection of T790M. Therefore,
we evaluated the clinical utility of the plasma EGFR test,
and provide suggestions for optimal incorporation of the
plasma EGFR test in clinical practice.

The authors present the following article in accordance
with the STARD reporting checklist (available at http://
dx.doi.org/10.21037/tler-20-1128).

Methods

This study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This study was approved
by Institutional Review Board (IRB No. 2020-09-138) at
Samsung Medical Center and individual consent for this
retrospective analysis was waived.

Patients

We initially screened patients with advanced NSCLC
who had acquired resistance after treatment with first- or
second-generation EGFR-TKIs as the first-line therapy at
Samsung Medical Center, Korea. Among them, we selected
those patients whose samples had been analyzed with the
plasma cobas® EGFR mutation test (cobas® EGFR mutation
test v2, Roche Molecular Systems, Inc., Pleasanton, CA)
at the time of acquired resistance. Patients who had also
undergone a repeat tissue biopsy that was analyzed using
tissue EGFR mutation test were further selected and
analyzed.

Sample collection and EGFR mutation test

We performed tissue and blood (plasma) cell-free EGFR
mutation tests for those patients who had experienced
disease progression. The repeat tissue biopsy sample
was formalin-fixed and paraffin-embedded. DNA was
extracted and then evaluated to detect EGFR mutations.
Serially collected blood samples had EGFR mutation tests
performed using the cobas® cell-free EGFR Mutation
Test v2. Ten milliliters of blood was collected in a Cell-
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Free DNA collection tube (Roche). The subsequent process
followed the protocol provided by the manufacturer of the
cobas® EGFR Mutation Test v2.

Statistical analyses

The cut-off date for data collection was May 21, 2020.
Descriptive statistics were used to summarize patient
and tumor characteristics, EGFR mutation results, and
treatment history. Associations between the results of the
EGFR mutation test and clinical features were assessed using
Fisher’s exact test and the chi-square test. The agreement
in sensitivity and specificity between the tissue and plasma
EGFR mutation test results was assessed using the Clopper-
Pearson exact method for binomial proportions. Clinical
efficacy outcomes such as objective response rate (ORR),
progression-free survival (PFS), and OS were evaluated on
the basis of Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 by the investigators. PFS and OS
analyses were performed on subgroup populations based on
the plasma and tissue EGFR baseline mutation types and
presence of the T790M mutation. PFS and OS were assessed
by the Kaplan-Meier method and p-values from a log-rank
test. IBM SPSS Statistics 25 (Armonk, NY, USA) was used

for statistical analysis.

Results

From May 2018 to May 2020, 355 consecutive patients with
available plasma EGFR tests acquired resistance to first-line
EGFR-TKIs (plasma EGFR cohort). Among them, 235
patients had a repeat tissue biopsy and EGFR mutation test
performed at the time of disease progression after treatment
with first-line EGFR TKIs (paired plasma and tissue
EGEFR cohort) (Figure I). Baseline characteristics of both
the plasma EGFR cohort and the paired plasma and tissue
EGFR cohort at the time of acquired resistance to the prior
EGFR TKI are described in Table 1. Most patients had
sensitizing EGFR mutations (exon 19 deletion or L858R)
before starting first-line EGFR TKIs, such as gefitinib,
erlotinib, afatinib, or dacomitinib. In the plasma EGFR
cohort, the median number of metastatic sites was two, and
68% of patients had an extrathoracic metastasis.

T790M mutation rates based on the plasma EGFR

mutation test

Median turnaround time of the plasma EGFR test was 5 days

© Translational Lung Cancer Research. All rights reserved.

Kim et al. The clinical utility of plasma EGFR mutation test

(interquartile range, IQR: 4-7). Of the total of 355 patients
in the plasma EGFR cohort, 81 (23%) were found to
have the T790M mutation. Eighty-three patients (23 %)
underwent multiple plasma EGFR test for the detection of
T790M: two tests (n=72), three tests (n=10), and four tests
(n=1) with a median time interval of 4.2 months IQR: 2.5
to 8.6). Among 83 patients with multiple plasma tests, four
were tested to confirm the first plasma T790M-positive
result, and the other 79 patients were re-examined when
prior plasma tests were T790M-negative. Among them, the
T790M mutation was detected in 13 (17%, 13/79) patients;
11 patients in the second test (16%, 11/68) and two in the
third test (20%, 2/10).

We reviewed the initial plasma EGFR results in 13 and
66 patients with and without positive conversion to T790M,
respectively, in subsequent plasma EGFR tests. Analysis of
the first 13 plasma samples in the group positive for T790M
conversion revealed the absence of any EGFR mutation
types (EGFR wildtype) in 38% (5/13) of patients, while
62% (8/13) had sensitizing EGFR mutations. Analysis of
the first 66 plasma samples in the group without positive
conversion to T790M revealed that 77% (51/66) had
EGFR wild type and 23% (15/66) had baseline sensitizing
EGFR mutations in the initial plasma tests. Sensitizing
mutations were more commonly detected in the first plasma
EGFR test in the T790M-positive conversion group than
in the consistently T790M-negative group (62% wvs. 23%,
P=0.005; Table 2).

Concordance between tissue and plasma EGFR mutation
test results

Median turnaround time for the tissue EGFR test was
12 days (IQR: 9 to 14). In the paired plasma and tissue
EGFR cohort (n=235), 102 (43%) patients had the T790M
mutation in the tissue EGFR test and 32 (14%) had the
T790M mutation in the plasma EGFR test. In combined
analyses of both plasma and tissue EGFR tests for the
235 patients, 14 patients (6%) had both plasma- and tissue-
T790M-positive results, 88 (37%) had plasma-T790M-
negative and tissue-T790M-positive results, 18 (8%) had
plasma-T790M-positive and tissue-1790M-negative results,
and 115 (49%) had both plasma- and tissue-T790M-
negative results (Figure I).

When the tissue-based EGFR mutation results were
used as the reference, the sensitivity and specificity of the
plasma EGFR test for the T790M mutation was 14%
(95% CI, 9.5% to 18.7%) and 87% (95% CI, 81.3% to
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Plasma EGFR cohort (n=355)
NSCLC patients who had acquired resistance after
first-line EGFR-TKI treatment and
who had a plasma EGFR mutation test
performed between May 2018 and May 2020

A

Paired Plasma and Tissue EGFR cohort (n=235)
Patients eligible for EGFR mutation
comparison based on
paired repeat tissue biopsy and plasma

Tissue Total
T790M+ T790M-
Plasma T790M+ 14 18 32
T790M- 88 115 203
Total 102 133 235

v !

!

!

Tissue T790M (+) Tissue T790M (+) Tissue T790M (-) Tissue T790M (-)
Plasma T790M (+) Plasma T790M (-) Plasma T790M (+) Plasma T790M (-)
n=14 n=88 n=18 n=115
Osimertinib Osimertinib Osimertinib Osimertinib
n=12 n=76 n=14 n=9
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Figure 1 Flow diagram of the study population. EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.

90.5%), respectively (Figure I).

Timing of plasma and tissue EGFR tests in the paired
EGFR cobort

We analyzed temporal relationship between the timing of
plasma or tissue biopsies. The first group comprised patients
in whom sequential plasma EGFR tests were performed
followed by tissue EGFR tests: 140 (60%) patients had a
tissue biopsy performed after receiving a plasma T790M-
negative result. Median time interval between the
acquisition of plasma and tissue specimens was 2.0 months
(IQR, 0.7 to 3.3 months). Among them, the T790M
mutation was detected in 69 (49%) patients in subsequent
tissue EGFR tests. Of these patients, 64% (44/69) were
EGFR wildtype while 36% (25/69) had a sensitizing EGFR

© Translational Lung Cancer Research. All rights reserved.

mutation in the initial plasma EGFR test. In the other
71 patients without T790M-positive conversion on
subsequent tissue specimens, 39% (28/71) were EGFR wild
type and 61% (43/71) had sensitizing mutations in prior
plasma EGFR tests. There were more patients who had an
EGEFR wild-type result in prior plasma tests in the T790M-
positive conversion group than in the consistently T790M-
negative group (64% vs. 39%, P=0.004; Tuble 3).

The second group comprised those patients in whom
tissue EGFR tests were followed by plasma EGFR tests:
36 (15%) patients had a plasma test after a tissue T790M-
negative result, and the median interval between the
acquisition of tissue and plasma samples was 7.2 months
(IQR, 3.9 to 13.6 months). Among them, 11 (31%) patients
had a T790M mutation based on analysis of subsequently
acquired plasma specimens. The prior tissue EGFR results
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Table 1 Patient characteristics
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Characteristics

Plasma EGFR cohort (n=355)

Paired plasma and tissue EGFR cohort (n=235)

Median age, years 63
Sex, no. [%]
Male 137 [39]
Female 218 [61]

Smoking status, no. [%]

Never 241 [68]

Former or current 114 [32]
Number of metastatic sites

Median, N (min, max) 2(0,7)
Extrathoracic metastasis, no. [%]

Yes 242 [68]

No 113 [32]
Diameter of largest tumor

Median, mm (range) 27 (5-138)
Prior TKI therapy, no. [%]

Gefitinib 139 [39]
Erlotinib 48 [14]
Afatinib 167 [47]
Dacomitinib 11[0]

Baseline sensitizing EGFR mutation, no. [%)]

Del 19 202 [57]
L858R 139 [39)
G719X 5[1]
G719X and S768I 4 1]
L861Q 2 [1]
Others' 3[1]

62

92 [39]
143 [61]

160 [68]
75 [32]

2(0,6)

146 [62]
89 [38]

30 (5-102)

93 [40]

32 [14]

109 [46]
1[0]

134 [57]
90 [38]
3[1]
412]
10]
3[1]

T, Three cases were positive for both G719X and D19, S768l and L858R, exon 20 insertion and L858R based on tumor tissue assay at
diagnosis. EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.

Table 2 T790M detection in Serial plasma EGFR tests (n=79, P=0.005)

EGFR test results

Sensitizing mutation(-) /T790M(-)
at initial plasma test (n=56)

Sensitizing mutation(+) /T790M(-)
at initial plasma test (n=23)

T790M (+) conversion at subsequent Plasma tests (n=13)

Consistent T790M(-) at subsequent plasma tests (n=66)

5 (9%) 8 (35%)
51 (91%) 15 (65%)
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Table 3 T790M detection in Plasma EGFR tests followed by tissue tests (n=140, P=0.004)

EGFR test results

Sensitizing mutation(-)/T790M (-)
at initial plasma test (n=72)

Sensitizing mutation(+)/T790M (-)
at initial plasma test (n=68)

T790M (+) conversion at subsequent tissue tests (n=69)

Consistent T790M(-) at subsequent tissue tests (n=71)

44 (61%) 25 (37%)

28 (39%) 43 (63%)

of these 11 patients with positive conversion to T790M in
subsequent plasma tests were reviewed and we found that
sensitizing EGFR mutations were present based on the
prior tissue EGFR test in all cases (11/11, 100%), similar to
the detection rate of sensitizing EGFR mutations in prior
plasma tests in the 25 patients with consistently T790M-
negative results (21/25, 84%, P=0.29).

The third group comprised 59 patients with simultaneous
plasma and tissue EGFR tests: seven (12%) were T790M-
positive for only their plasma specimens, 19 (32%) were
T790M-positive for only their tissue samples, 14 (24%)
were T790M-positive for both their tissue and plasma
samples, and 19 (32%) were T790M-negative for both
tissue and plasma samples.

In these three sequential test groups, the median
diameter of the largest tumor was much larger in the
simultaneous testing group (33.5 mm) or tissue-followed-
by-plasma EGFR testing group (33.0 mm) than the plasma-
followed-by-tissue testing group (28.0 mm) (P=0.02).
However, there was no difference in other indicators
of tumor burden between the three groups, such as the
number of metastatic sites (P=0.08) or extrathoracic
metastasis (P=0.86).

Clinical efficacy outcomes of osimertinib according to
plasma or tissue T790M results

Of 235 patients in the paired plasma and tissue EGFR
cohort, 111 patients were treated with osimertinib. Twelve
patients were treated with osimertinib in the plasma-
and tissue-T790M-positive group, 76 in the tissue-only-
T790M-positive group, 14 in the plasma-only-T790M-
positive group, and nine in the plasma- and tissue-T790M-
negative group (Figure I).

The ORR for osimertinib was 67% in patients with
both plasma- and tissue-T790M positivity, 78% in patients
with only tissue-T790M-positivity, 57% in patients with
only plasma-T790M-positivity, and 33% in patients
with both tissue and plasma T790M-negativity (P=0.03).
Irrespective of the plasma T790M results, the ORR for
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osimertinib in the tissue-T790M-positive group (n=88)
was 76% (67/88), which is higher than that in the tissue-
T790M-negative group (48%; 11/23) (P=0.008). However,
the ORR for osimertinib was 62% (16/26) in the plasma-
T790M-positivity group (n=26) irrespective of the tissue
T790M results, which was numerically lower than the ORR
of 73% (62/85) for the plasma-T790M-negative group
(n=85; P=0.27).

Median PFS for osimertinib was 8.6 months (95%
CI, 3.7 to 13.5 months) in both plasma- and tissue-
T790M positive patients, 13.0 months (95% CI, 9.2 to
16.7 months) in the only tissue-T790M-positive group,
8.8 months (95% CI, 6.7 to 10.9 months) in the only
plasma-T790M-positive group, and 6.8 months (95%
CI, 3.9 to 9.8 months) in patients who were both plasma
and tissue T790M negative (P=0.002, Figure 24).
Irrespective of the plasma T790M results, the median
PFES for osimertinib in the tissue-1T790M-positive group
was 13.0 months (95% CI, 9.4 to 16.6 months), which
is significantly longer than the 7.2 months (95% CI, 6.1
to 8.3 months) for the tissue-T790M-negative group
(P<0.001; Figure 2B). Median PFS for osimertinib,
however, in the plasma-T790M-positive patients,
irrespective of tissue-T790M result, was 8.8 months (95%
CI, 7.1 to 10.5 months), which was numerically shorter
than the median PFS (12.3 months, 95% CI, 8.9 to
15.7 months) in the plasma-T790M-negative group
(P=0.10, Figure 2C).

Shedding of EGFR mutant cells and its prognostic role

Of 355 patients in the plasma EGFR cohort, sensitizing
EGFR mutations were detected with (n=81) or without
T790M (n=147) in 228 plasma samples (the shedder group),
while no EGFR mutations were detected in 127 plasma
samples (the non-shedder group). There were no clear
associations between EGFR mutant ctDNA shedding status
and age (P=0.28), sex (P=0.49), smoking status (P=0.51), or
diameter of the largest tumor (P=0.61). However, ctDNA
shedding was more frequently found in patients with two or
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Figure 2 Kaplan-Meier curves of PFS based on T790M-positive (T790M+) and T790M-negative (T790M-) subpopulations treated with
osimertinib. (A) Patients who were T790M+ on tissue or blood samples exhibited longer PFS than patients who were both T790M- (P=0.002).
(B) Patients who were tissue T790M+ exhibited significantly longer PFS than patients who were tissue T790M- (P<0.001). (C) There was
no difference in PFS based on blood T790M results (P=0.10). CI, confidence interval; PFS, progression-free survival.
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more metastatic sites (P=0.005) or extrathoracic metastatic
lesions (P=0.012).

Median PFS for shedders who received first-line EGFR
TKI treatment (n=228) was 14.0 months (95% CI, 12.4
to 15.6 months), which was significantly shorter than the
median PFS (18.7 months, 95% CI, 16.2 to 21.2 months)
of non-shedders (P=0.006). Analysis of OS according
to detection of sensitizing EGFR mutations in plasma
tests was performed after excluding 185 patients treated
with osimertinib to rule out the confounding effects of
osimertinib therapy. Median OS, defined as the period from
the start of first-line therapy to death, was 40.9 months (95%
CI, 33.1 to 48.8 months) for shedders (n=110), which was
significantly shorter than the median OS of non-shedders
(46.7 months, 95% CI, 41.5 to 51.9 months).

Discussion

The current study showed that the detection rate of T790M
using plasma EGFR test in patients who acquired resistance
to prior EGFR TKIs was 23%. Using tissue EGFR results
as a reference value, sensitivity was also low (14%). These
values are much lower than those reported by the AURA3
trial, where the sensitivity of plasma EGFR test for T790M
was reported to be 51%. However, our data are consistent
with other real world data. One Canadian group reported
that the T790M detection rate of droplet digital PCR was
24% (82/343) (14), and digital droplet PCR is considered
more sensitive than the cobas® test (11).

The reason for the unexpectedly lower T790M detection
rate in the plasma EGFR test in real world practice is not
clear from our study, but it may in part be due to selection
bias associated with the feasibility of tissue biopsy. The
AURAS3 trial enrolled patients on the basis of tissue T790M
positive results, and additionally acquired paired plasma
samples for exploratory evaluation of the accuracy of
plasma EGEFR tests. Therefore, all patients in AURA3 were
eligible for repeat tissue biopsy. Among the paired plasma
and tissue EGFR cohort in our study, however, about 60%
of patients first had a plasma EGFR test. If our practice
followed the FDA recommendation (plasma EGFR test for
only ineligible for tissue repeat biopsy), tissue biopsy might
be challenging in those patients, although tissue biopsy
was successfully performed at last in this subgroup. These
patients can be suspected to have a lower tumor burden
and subsequently lower ctDNA volume than the detection
limit of the plasma EGFR test. This hypothesis is in part
supported by subgroup analysis of 59 patients who had a
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simultaneous plasma and tissue EGFR test results. Among
them, the detection rate and sensitivity for T790M by the
plasma EGFR test was 36% (21/59) and 42% (14/33),
respectively, which were slightly higher than the values (23%
and 14%, respectively) from our whole population. It is also
supported that median diameter of the largest tumor was
much shorter in the groups where plasma testing was done
before the tissue EGFR test than the groups where tissue
EGEFR testing was tried before or simultaneously with the
plasma tests.

Clinical advantages of plasma EGFR test plasma are its
easy accessibility and the ability to perform repeat tests.
Among 355 patients in the plasma EGFR cohort, 23%
had the plasma EGFR test performed multiple times, and
about 17% of patients were newly found to have T790M.
Additionally, among 36 patients with initial T790M-
negative tissue, 11 patients tested T790M-positive on
subsequent plasma tests, which were performed after a
relatively long-term interval (median 7.2 months). These
results suggest temporal variation in the volume of T790M-
positive clones as well as tumoral heterogeneity. Therefore,
subsequent plasma EGFR tests performed at long-term
intervals would be beneficial in patients with initial T790M-
negative plasma or tissue results.

We also attempted to evaluate who would derive the most
benefit from multiple or repeated plasma or tissue EGFR
tests, and analyzed 79 patients who underwent multiple
plasma tests with initial T790M-negative plasma results. Of
56 EGFR wildtype patients (no sensitizing mutation and
T790M) based on the initial plasma test, only five cases (9%)
had the T790M mutation on subsequent plasma EGFR
tests, while eight (35%) of 23 patients with sensitizing
mutations on the initial plasma test had the T790M
mutation detected in subsequent plasma tests (P=0.005).
This suggests that tumors that do not initially shed EGFR-
positive clones remain non-shedders. However, of the 140
patients in whom a subsequent tissue biopsy was performed
after an T790M-negative plasma result, 72 patients were
EGFR wild-type and 68 had sensitizing mutations in the
initial plasma tests. Of 72 patients with EGFR wild-type
plasma, 61% were T790M-positive on the subsequent
tissue test, while 37% of 68 patients with initial sensitizing
mutation-positive plasma test results tested T790M positive
(P=0.004). Based on our results, if the first plasma EGFR
test result is negative for both sensitizing mutations and
T790M, the possibility of detection of T790M is much
higher on subsequent tissue biopsy rather than a repeated
plasma test, with the detection rate of T790M increasing
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from 9% to 61% (Tables 2,3). If the initial plasma test is
positive for sensitizing EGFR mutations, the detection
rate of T790M is likely to be similar for subsequent plasma
(35%) and tissue (37%) samples (Tables 2,3). Taken together,
these results indicate that tissue biopsy should be performed
after a test result of EGFR wild-type based on the initial
plasma sample, while testing of either subsequent plasma or
tissue samples is acceptable after detection of a sensitizing
mutation in the initial plasma sample (Figure 3).

The efficacy of osimertinib in patients with discordant
plasma and tissue T790M status was evaluated. ORR and
PES of patients who were plasma T790M-positive and
tissue T790M-negative were inferior to those of patients
who were tissue T790M-positive and plasma T790M-
negative (ORR: 57% vs. 78%, median PFS: 8.8 vs.
13.0 months), which was compatible with the AURA3
trial (11). The reason for the lower efficacy of osimertinib in
patients with T790M-positive plasma and T790M-negative
tissue is not clear, but T790M clones may comprise only
a small proportion of all resistant tumor clones, or other
resistance mechanisms are likely to coexist in patients in
whom T790M is detected in the plasma sample only.

The level of ctDNA is an important determinant of the
sensitivity of the plasma EGFR mutation for detecting
T790M as well as sensitizing mutations. The amount of
ctDNA is closely associated with tumor burden (15). In our
plasma EGFR cohort, no EGFR mutations were detected
in the plasma samples of 127 patients. These non-shedders
had a longer PFS and OS than those with EGFR mutation-
positive plasma (shedders). These data indicate that the

© Translational Lung Cancer Research. All rights reserved.

plasma EGFR test performed after acquisition of resistance
to EGFR TKIs can be used a prognostic marker.

Our study illustrates the real-world pattern of clinical
implementation of the plasma EGFR test. In the paired
plasma and tissue cohort, about 60% of patients had their
plasma tested first followed by a repeat tissue biopsy after
a report of T790M-negative plasma, consistent with the
NCCN recommendations (2). However, this proportion
could be overestimated because some patients who
underwent tissue biopsy first without subsequent plasma
tests were excluded from our study population.

Our current study did not indicate which sequence of
EGEFR tests is better upon the acquisition of resistance;
plasma first or tissue first. However, the detection rate
of T790M was very low in the plasma EGFR test, and
subsequent plasma or tissue EGFR tests should be tried
at an appropriate time interval. Another unique finding of
the current study is that tissue is better than plasma when
performing a follow-up EGFR test to detect T790M if
the initial plasma EGFR test shows wild-type (Figure 3).
However, these findings and suggestions are drawn from a
limited number of patients and should be further evaluated
in larger patient populations.

Conclusions

Because the sensitivity of plasma EGFR test for T790M is
low, follow-up tissue or plasma tests are necessary. Presence
or absence of a sensitizing mutation in the initial plasma
tests can be used to determine which samples (tissue or
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plasma) should be submitted for further testing.
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