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The correlation between the abundance of EGFR T790M mutation
and osimertinib response in advanced non-small cell lung cancer
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Background: Osimertinib has been adopted as the standard therapy for T790M-mediated acquired
resistance to first-line epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) in patients
with non-small cell lung cancer (NSCLC). The detection of EGFR T790M can be evaluated using different
methods. The association between baseline T790M abundance and osimertinib efficacy has not been fully
determined.

Methods: A total of 144 advanced NSCLC patients positive for T790M, at the time of progression,
were retrospectively enrolled in this study. The effect of abundance of T790M mutation on the efficacy of
osimertinib was explored.

Results: Among the 144 patients receiving T790M testing, 20 (13.9%) had adopted amplification
refractory mutation system (ARMS), 63 (43.8%) adopted droplet digital PCR (ddPCR), and 61 (42.4%)
used next-generation sequencing (NGS). The objective response rate was 54.2%, the median progression-
free survival was 12.0 months, and the overall survival was 23.0 months for the NSCLC patients treated
with osimertinib. Three different technologies to assess T790M mutation (including ARMS, ddPCR, and
NGS) could accurately predict the efficacy of osimertinib. There was no significant relationship between the
abundance of T790M mutation and the efficacy of osimertinib.

Conclusions: ARMS, ddPCR, and NGS are reliable methods to evaluate EGFR T790M mutation.
Osimertinib was equally effective for NSCLC patients with various abundance of T790M mutation.
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Introductions approximately 20% in Caucasians (1); typically deletions

in exon 19 (EGFRdel19) and a point mutation in the exon
Epidermal growth factor receptor (EGFR) mutations are 21 (EGFR L858R) (2). The first- and second-generation
observed in approximately 30-40% in Asian non-small EGFR tyrosine kinase inhibitors (TKIs) such as gefitinib,
cell lung cancer (NSCLC) patients compared with erlotinib, and afatinib have shown significant effects for
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EGFR-mutant NSCLC patients, to stunt the growth of
tumors with a median progression-free survival (PFS) of
10-14 months (3,4). However, cancer cells inevitably acquire
resistance to EGFR-TKIs through different mechanisms,
of which the EGFR T790M resistance mutation is reported
in approximately 50-60% of the cases (5,6). Osimertinib, a
third-generation EGFR-TKI, has high activity against both
EGFR T790M and classic EGFR mutations (7,8). Osimertinib
has been adopted as the standard care for T790M-mediated
acquired resistance NSCLC patients (9,10).

The assessment of T790M using tissue biopsy or plasma
is mandatory at disease progression, after treatment with
first-line EGFR-TKIs. Tissue biopsy is recommended first,
although it is associated with challenges such as difficulty
of invasive re-biopsy and tumor heterogeneity (11-13). The
analysis of circulating cell-free tumor DNA (ctDNA) is an
alternative approach that involves molecular analysis, where
tumor biopsy is not feasible; it avoids the challenges above
and enables real-time monitoring of the clonal evolution
(14,15). Currently, amplification refractory mutation system
(ARMS), droplet digital PCR (ddPCR), and next-generation
sequencing (NGS) are representative clinical platforms
for T790M detection both in tissue and plasma (16). The
impact of different technologies in assessing the T790M
alteration and predicting the efficacy of osimertinib in a
real-world setting has not been evaluated much. Meanwhile,
studies have indicated potential associations between EGFR
T790M abundance and efficacy of Osimertinib; however,
the results are controversial (17-23). Therefore, the baseline
abundance of T790M that serves as a predictive biomarker
of response to osimertinib needs further identification.

This study compared the efficacy of osimertinib in
T790M-positive patients with various technologies
including ARMS, ddPCR, and NGS test, as well as analyzed
the association between the baseline abundance of T790M
and the efficacy of osimertinib in advanced NSCLC

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/ter-21-223).

Methods
Participants and data collection

Data from 157 T790M-positive advanced NSCLC patients,
who received osimertinib treatment at the Zhejiang cancer
hospital between April 2017 and December 2019, were
retrospectively collected. Clinical data was obtained from
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the electronic medical record database, and the last follow-
up was done in May 2020. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Ethics Committee
of Zhejiang Cancer Hospital, Hangzhou, China (NO. IRB-
2021-111), and informed consent was taken from all the
patients.

ARMS-PCR, ddPCR and NGS measurement

ARMS assay was mostly performed using ABI 7500 (Applied
Biosystems, Foster City, CA, USA), ddPCR assay was
mostly performed using QX200 Droplet Digital PCR
(BIO-RAD, Hercules, CA, USA) system, and NGS assay
was mostly performed using MiSeqDX (Illumina, San
Diego, CA, USA). Generally, the minimum detection limit
of ddPCR is 0.01% when providing sufficient sample and
operating according to the standard procedures. The high-
throughput sequencing of NGS contained 168 genes related
to the pathogenesis and targeted therapy with >500 average
sequencing depth, and the detection for alterations covered
single-nucleotide variant (SNV), short fragment insertions
or deletions INDEL), copy number variation (CNV) and
rearrangements within the range of +/— 20 bp of target gene
exon. The T790M abundance was calculated as mutant
allele frequency (MAF), which indicated the fraction of
mutated alleles relative to the corresponding WT allele to
analyze the allele fractions of T790M.

Assessment of efficacy

Tumor response was examined using computed tomography
and was evaluated according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1. The
objective response rate (ORR) was defined as the percentage
of patients with complete or partial response (CR or PR).
The progression-free survival PFS was defined as the
time from the first day of osimertinib treatment to tumor
progression or death. The overall survival (OS) was defined
as the time from Osimertinib treatment to death of any
cause. Radiologic assessments for survival were performed
approximately every 6-8 weeks until objective disease
progression or loss of follow-up.

Statistical analysis

The PFS or OS was estimated using the Kaplan-Meier
method and then compared using the log-rank test. The
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baseline characteristics, ORR and relationship between
T790M mutation abundance were compared using the
Pearson’s chi-square test, Mann-Whitney test, or Fisher’s
exact test. Two-sided P values <0.05 were considered
statistically significant. Statistical analyses and graphical
representations were performed using SPSS version 23.0 for
Windows (Chicago, IL, USA) and GraphPad Prism (version
8.0) software.

Results
Patient characteristics

Thirteen patients were excluded due to the absence of
information about the detection methods; 144 patients
were enrolled. In total, 81 females and 63 males with a
median age of 60 years (range, 36-81 years) were evaluated;
43 (29.9%) patients have confirmed brain metastases;
88 (61.1%) patients originally harbored EGFR exon
19 deletion and 52 (36.1%) harbored L858R mutation.
There were 140 patients (97.2%) identified as harboring
T790M mutation with EGFR-TKIs resistance, and four
patients harboring de novo EGFR T790M mutation were
also included. Prior EGFR-TKIs were gefitinib in 52
(36.1%) patients, icotinib in 85 (59.0%) patients, erlotinib in
2 (1.4%) patients and afatinib in 1 (0.7%) patient. Most
of the patients received osimertinib directly or after
chemotherapy when resistance to prior EGFR-TKIs,
and no records of patients receiving second-generation
EGFR-TKI after resistance to gefitinib or icotinib. The
median follow-up time was 24.5 months. The baseline
characteristics of the patients are presented in Table 1.

Clinical outcomes of osimertinib in real-world

A total of 144 patients were evaluated for response to
osimertinib and had an ORR of 54.2%. The median PFS
was 12.0 months (95% CI: 9.8-14.2 months; Figure 14),
and the median OS was 23.0 months (95% CI: 16.2-29.8
months; Figure 1B). The ORR of patients with brain
metastases (n=43) was slightly lower than those without
(51.2% vs. 56.7%; P=0.584; Figure 1C), although the
difference was not significant. Similarly, both the median
PFS and OS for patients with brain metastases was shorter
than patients without brain metastases; although the
difference was not statistically significant (mPFS: 10.0
vs. 14.0 months; P=0.145; mOS: 16.0 vs. 27.0 months;
P=0.170; Figure 1D,E).
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Comparison of osimertinib efficacy between plasma
detection and tissue biopsy

A total of 112 patients with EGFR T790M were detected
by peripheral blood while 28 patients by tissue biopsy
respectively. The ORR of patients detected by plasma
and tissue were 53.6% and 60.7% respectively, and the
difference was not statistically significant (P=0.301;
Figure 24). Moreover, survival analysis showed that there
was no significant difference in median PFS and median
OS of patients detected by plasma and tissue (plasma vs.
tissue; mPFS: 12.0 vs. 14.0 months, P=0.209; mOS: 23.0 vs.
22.0 months, P=0.207; Figure 2B,C).

Comparison of different detecting methods on T790M
mutation

Among the 144 patients, 20 (13.9%) had adopted ARMS,
63 (43.8%) adopted ddPCR, and 61 (42.4%) used NGS in
T790M testing. Most of the sample (140/144=97.2%) types
were tissue or peripheral blood; however, 2 cases of pleural
effusion (one detected using ARMS and the other using
NGS) and 2 cases of cerebrospinal fluid (both detected by
NGS) were also included. Although T790M detection was
performed using three methods, there was no significant
difference on the efficacy of osimertinib in ORR (ARMS
vs. ddPCR vs. NGS: 65% vs. 49.2% vs. 55.7%, respectively;
P=0.443; Figure 34), median PFS (14.0 vs. 12.6 vs. 14.0
months; respectively, log-rank P=0.415; Figure 3B) and
median OS (23.0 vs. 19.0 vs. 27.0 months; respectively, log-
rank P=0.459; Figure 3C).

Relationship between baseline abundance of T790M
mutation and the efficacy of Osimertinib

In general, data of T790M-mutant abundance were
obtained in 77 patients (53.5%); 57 were tested using
ddPCR and the last 20 using NGS. The median abundance
of T790M mutation was 1.41% (range, 0.02-49.74%)
among the 77 patients. We first compared the median
T790M-mutant abundance level between responders and
non-responders. The median abundance for the two groups
was 1.26% (range, 0.03% to 47.81%) and 1.46% (range,
0.02% to 49.74%), respectively; there was no significant
difference (P=0.966; Figure 44). Since we did not find the
best cutoff value of T790M abundance predicting objective
response (Figure 4B), we next divided the patients into two
groups, the low-abundance (n=39) and high-abundance
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Table 1 Baseline characteristics of patients
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Patients (n=144)

Characteristic P
N (%) ARMSs (n=20) ddPCR (n=63) NGS (n=61)

Age, years

median [range] 60 [36-81] 61 [36-75] 60 [42-80] 60 [38-81]

<65 100 (69.4) 15 43 42

>65 44 (30.6) 5 20 19 0.842
Gender

Male 63 (43.8) 7 34 22

Female 81 (56.3) 13 29 39 0.093
Smoking history

Never 98 (68.1) 16 37 45

Ever 46 (31.9) 26 16 0.06
Pathology

Adenocarcinoma 144 (100.0) 20 63 61

Non-adenocarcinoma 0(0.0) 0 0 0 -
Brain metastases

Yes 43 (29.9) 6 21 16

No 97 (67.4) 14 40 43

Unknown 4(2.7) 0 2 2 0.684
ECOG PS

0-1 138 (95.8) 19 60 59

>2 6 (4.2 1 3 2 1
EGFR mutation

19del 88 (61.1) 9 40 39

21L858R 52 (36.1) 10 21 21

Others 4(2.8) 1 2 1 0.486
Prior EGFR-TKIs

Gefitinib 52 (36.1) 27 21

Icotinib 85 (59.0) 14 35 36

Erlotinib 2(1.4) 0 2

Afatinib 1(0.7) 1 0 0

None 4(2.8) 1 1 0.173
Line of Osimertinib

First/Second 91 (63.2) 11 40 40

Third/posterior line 53 (36.8 9 23 21 0.695
Type of specimen

Tissue 28 (19.4) 19 0 9

Peripheral blood 112 (77.8) 0 63 49

Hydrothorax 2(1.4) 1 0 1

Cerebrospinal fluid 2(1.4) 0 0 2 0

?, Four patients had de novo T790M mutation and osimertinib were the first-line therapy. ECOG, Eastern Cooperative Oncology Group;
PS, performance status; ARMS, amplification refractory mutation system; ddPCR, droplet digital PCR; NGS next-generation sequencing;
EGFR, epidermal growth factor receptor; TKis, tyrosine kinase inhibitors.
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Figure 1 Clinical outcomes of osimertinib in real-world. (A) Progression-free survival (PFS) in all patients. (B) The overall survival (OS) in
all patients. (C) Response to osimertinib in patients with or without brain metastases. (D) The PFS of patients stratified by brain metastasis. (E)
The OS of patients stratified by brain metastasis.
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Figure 2 Comparison of osimertinib efficacy between plasma detection and tissue biopsy. (A) Comparison of response to osimertinib of
patients detected by plasma and tissue. (B) The progression-free survival (PFS) of patients stratified by samples. (C) The overall survival (OS)
of patients stratified by samples.

(n=38), according to the median abundance of T790M vs. 12.0 mouths; P=0.800; mOS: 21.0 vs. 18.0 mouths;
mutation. The baseline characteristics of the two groups P=0.502; Figure 4C,D,E).

in age, sex, smoking history, brain metastases, ECOG PS,
EGFR mutation, prior EGFR-TKIs and line of Osimertinib

Sub lysi. b jation b
usage were all comparable (7able 2). However, there was ubgroup analysis of the association between

. . . . . T790M-mutant abundance and osimertinib outcomes
no significant difference in ORR, median PFS and median

OS between the two groups (Low-abundance vs. High- The median abundance for ddPCR and NGS groups were
abundance; ORR: 51.3% vs. 47.4%; P=0.731; mPFS: 12.0 0.94% (range, 0.02% to 49.74%) and 6.26% (range, 0.03%
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Figure 3 Comparison of different detecting methods on T790M mutation. (A) Comparison of response to osimertinib across the
amplification refractory mutation system (ARMS), droplet digital PCR (ddPCR), next-generation sequencing (NGS) groups. (B) The
progression-free survival (PFS) of patients stratified by detection platforms. (C) The overall survival (OS) of patients stratified by detection
platforms.
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Figure 4 Association between T790M-mutant abundance and osimertinib outcomes. (A) T790M-mutant abundance between responders
and non-responders (Mann-Whitney test). (B) Receiver operating characteristic (ROC) Curve for T790M abundance predicting objective
response. (C) Overall response rate between patients with low-abundance and high-abundance (¢ test). (D) Progression-free survival (PFS)
between patients with low-abundance and high-abundance (log-rank test). (E) Overall survival (OS) between patients with low-abundance
and high-abundance (log-rank test).

to 47.81%), respectively (P=0.022; Figure 5A). There was P=0.343; Figure 5B). The patients were then divided into the
no significant difference between responders and non- low- and high-abundance groups according to the median
responders of median T790M-mutant abundance in both abundance of T790M mutation; there was no significant
ddPCR and NGS groups (responders vs. non-responders; difference found in the ORR for both ddPCR and NGS
ddPCR: 0.91% vs. 1.09%, P=0.877; NGS: 8.96% vs. 4.86%, (ddPCR: 55.20% wvs. 50.0%, P=0.696; NGS: 30.0% vs.
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Table 2 Baseline characteristics of patients with data of T790M-mutant abundance

Patients (n=77)

Characteristic P value
Low-abundance (n=39) High-abundance (n=38)
Age, years
Median [range] 63 [38-80] 58 [42-74]
<60 15 22 0.139
>60 24 16
Gender
Male 19 20
Female 20 18 0.731

Smoking history
Never 24 21
Ever 15 17 0.743

Brain metastases

Yes 13 9

No 24 27

Unknown 2 2 0.491
ECOG PS

0-1 38 38

=2 1 0 1.000

EGFR mutation

19del 24 26
21L858R 14 10
Others 1 2 0.586

Prior EGFR-TKIs

Gefitinib 16 16
Icotinib 23 19
Others/None 0 3 0.272

Line of osimertinib usage
First®/Second 23 30
Third/posterior line 16 8 0.100

The baseline characteristics were compared using the Pearson’s chi-square test or Fisher’s exact test. ECOG, Eastern Cooperative
Oncology Group; PS, performance status; ARMS, amplification refractory mutation system; ddPCR, droplet digital PCR; NGS next-
generation sequencing; EGFR, epidermal growth factor receptor; TKils, tyrosine kinase inhibitors.

50.0%, P=0.650; Figure 5C,D). Additionally, there was P=0.409; mOS: 19.0 vs. 18.0 mouths; P=0.670; Figure SE,F),
similar PFS and OS in the low- and high-abundance groups as well as NGS group (mPFS: 7.0 vs. 9.0 mouths; P=0.154;
tested using ddPCR (mPFS: 15.0 mouths vs. 12.0 mouths; mOS: 14.0 vs. 47.0 mouths; P=0.141; Figure 5G,H).
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Figure 5 Subgroup analysis of the association between T790M-mutant abundance and osimertinib outcomes. (A) T790M-mutant
abundance in groups of droplet digital PCR (ddPCR) and generation sequencing (NGS). (B) T790M-mutant abundance between responders
and non-responders tested using ddPCR (Mann-Whitney test). (C) T790M-mutant abundance between responders and non-responders
tested using NGS (Mann-Whitney test). (D) The overall response rate between patients with low-abundance and high-abundance (¢ test
and Fisher’s exact test). (E) The progression-free survival (PFS) stratified into the low-abundance and high-abundance in ddPCR group
(log-rank test). (F) Overall survival (OS) stratified into the low-abundance and high-abundance in ddPCR groups (log-rank test). (G) The
PFS stratified into the low-abundance and high-abundance in NGS group (log-rank test). (H) OS stratified by low-abundance and high-
abundance in NGS groups (log-rank test).
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Discussion

The detection sensitivity of T790M using ARMS, ddPCR,
and NGS tests were found to be useful and reliable in
clinical practice. Moreover, osimertinib was equally effective
for NSCLC patients with various levels of T790M mutation
abundance with resistance to first- and second-generation
EGFR-TKIs.

Among 144 patients with T790M-positive NSCLC,
the ORR to osimertinib was 54.2%, median PFS was
12.0 months, and median OS was 23.0 months. These results
were equivalent to the data in a phase 3 clinical trial, which
reported an mPFS of 10.1 months and mOS of 26.8 months
(9,10). The curative effect of patients with brain metastases
was inferior to those without brain metastases (mPFS: 10.0 vs.
14.0 months; P=0.145; mOS: 16.0 vs. 27.0 months; P=0.170),
although the difference was not statistically significant.
Therefore, osimertinib, a third-generation EGFR-TKI, is
strongly active against T790M-positive NSCLC.

Furthermore, there were similar treatment outcomes
for osimertinib in the T790M-mutant population selected
through the above three detected methods, although
there were several differences among these approaches in
sensitivity, specificity, and sample selection. The ARMS was
a widely used method for T790M mutation testing with
good specificity, however, it was limited in liquid biopsy
because it lacked sensitivity when compared to ddPCR and
NGS (16). A cross-platform comparison reported higher
sensitivity (71%) and concordance (74%) of ddPCR in
detecting T790M mutation between plasma ctDNA and
tissue, compared to ARMS with sensitivity of 21% and
concordance of 48% (24). Another study demonstrated
the high sensitivity (81.8%) and good concordance (86%)
of NGS in the detection of T790M mutation in plasma
ctDNA when compared to tumor tissues (25). Collectively,
the quantification platforms such as ddPCR and NGS
were superior to ARMS in T790M mutation detection,
particularly in liquid biopsy such as plasma ctDNA (16).

In this study, the samples tested using ddPCR were all
plasma ctDNA, whereas those tested using ARMS were
nearly all tissue (one case was pleural effusion), and more
than half of the samples tested by NGS were plasma
ctDNA. Choosing an appropriate sample and method
could significantly improve the detection accuracy of
T790M. Also, definite effects of osimertinib were observed
for T790M-positive patients who were identified to have
T790M mutations by analyzing ctDNA in pleural effusion
and cerebrospinal fluid. Though there are limited studies on
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the use of pleural effusion and cerebrospinal fluid in T790M
mutation detection in lung cancer, the results suggested
that they were clinically available bio-samples which may
better reflect cells from the entire tumor and help predict
treatment response and prognosis.

The findings from the analysis of the relationship between
the proportion of EGFR T790M mutation and the response to
osimertinib treatment have been controversial (17-23). Studies
have found that a higher ratio of the allele fraction of T790M
to mutated EGFR (T790M/act-EGFR MAF) in plasma or
tissues was associated with a significantly better efficacy of
Osimertinib (17-19,21), whereas another study reported that
a higher allele fraction of T790M in circulating tumor DNA
were associated with a poor response and shorter PES to
osimertinib treatment (20,22). Regrettably, our study could not
find an exact relationship between the baseline abundance of
T790M mutation and the efficacy of osimertinib.

There are several reasons that may account for these
contradictions. First, the heterogeneity of resistance
mechanisms within tumors may have affected our results.
Clones lacking the T790M mutation are likely to have other
resistance mechanisms such as MET amplification, ERBB2
amplification, PIK3CA mutation, transformation to small-
cell lung cancer, and epithelial-to-mesenchymal transition
(6,26); such clones would not respond to osimertinib.
Secondly, T790M mutation abundance may not be the best
predictive biomarker. The T790M mutation abundance
was calculated as mutant allele frequency (MAF) in this
study. However, increasing evidence has shown that EGFR-
mutant NSCLC is not a single-oncogene disease (27,28),
and both EGFR-mutated and wild-type cancer cells exist
simultaneously (29-31). Zheng ez a/. (23) proposed a concept
of “the T790M relative mutation purity (RMP)” as the
ratio of T790M allele frequency (AF) to maximum somatic
allele frequency, and it may be an efficient biomarker to
predict the efficacy of osimertinib, which need further
confirmation. Thirdly, the sensitivity of the plasma ctDNA
test is higher in patients with extra-thoracic metastases
and multiple metastatic sites, which reflect a higher overall
tumor burden (20). High T790M mutant copy numbers
may reflect higher tumor loads and worse performance
status, which is intrinsically associated with poor prognosis.
Therefore, limited benefits have been observed in the
patient with a high T790M mutation abundance.

This study has several limitations. First, data of T790M
mutation detection were mostly obtained from the
electronic medical record database; therefore the detection
processes were not highly standardized and uniform.
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Secondly, tissue samples, peripheral blood, pleural effusion,
and cerebrospinal fluid were all included, though evidence
had demonstrated that some clinically available bio-
samples such pleural effusion and cerebrospinal fluid were
able to serve as an alternative for tissue and blood. Third,
the retrospective nature of the analysis may yield bias.
Therefore, future prospective studies will be necessary to
strengthen these results.

In conclusion, the results suggest that ARMS, ddPCR,
and NGS are clinically effective and optional approaches
for T790M mutation detection. Furthermore, the efficacy
of osimertinib was similar among NSCLC patients with
different abundance of T790M mutation.
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