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Abstract. Several approaches to the detection of T790M muta‑
tions in patient plasma or tissue samples have been implemented 
to date. The present study was designed to assess the ability of 
different technologies to detect the T790M mutation in plasma 
samples and to evaluate the relative rates of re‑biopsy and 
subsequent patient management in a clinical setting. Data from 
patients with advanced NSCLC who visited the Department 
of Respiratory Medicine of the First Hospital Affiliated to 
Wenzhou Medical University between December 2014 and 
July 2018 were retrospectively collected. Following re‑biopsy, 
these patients were evaluated for the presence of the T790M 
mutation via next‑generation sequencing (NGS), amplification 
refractory mutation system or Roche Cobas z480 (Cobas) 
analyses of tissue samples. T790M mutation status in tumor 
tissue samples was calculated as a standard reference used 
to establish the sensitivity, specificity and concordance of 
three circulating tumor DNA detection approaches, including 
NGS, droplet digital PCR (ddPCR) and super amplification 
refractory mutation system (SuperARMS). Subsequent patient 
management was also recorded. In total, 287 patients with 
advanced non‑small cell lung cancer were evaluated, of whom 
55.4% (159/287) underwent tissue re‑biopsy, 76.7% (122/159) 
underwent sequencing analysis of plasma and/or tissue 
samples, and 59.0% (72/122) were found to harbor the T790M 
mutation. The rates of plasma sample T790M detection via 

NGS, ddPCR and SuperARMS were 60.0, 59.3 and 60.0%, 
respectively. Only 32 patients with T790M mutations (44.4%, 
32/72) were treated with third‑generation epidermal growth 
factor receptor tyrosine kinase inhibitors (EGFR‑TKIs), while 
19 continued treatment with first‑generation TKIs, 13 under‑
went chemotherapy, 1 switched to treatment with anlotinib, 4 
succumbed to pericardial or brain metastases, and 3 were lost 
to follow‑up. Additionally, 2 patients exhibited histological 
transformation from adenocarcinoma to small cell lung cancer, 
while 17/97 patients who were evaluated for brain metastases 
during treatment exhibited intracranial progression. Of these, 
8 patients had been treated with osimertinib. In this study 
of a real‑world clinical setting, fewer patients than expected 
underwent re‑biopsy and gene sequencing. Of the tools 
available for the analysis of plasma samples, NGS exhibited 
the highest sensitivity and concordance with the results of 
tissue‑based T790M detection strategies. It was additionally 
found that only a subset of patients harboring the T790M 
mutation were ultimately treated using third‑generation 
EGFR‑TKIs. 

Introduction

Lung cancer remains one of the most prevalent and deadly 
types of cancer globally  (1), with the majority of patients 
with non‑small cell lung cancer (NSCLC) first presenting 
with advanced or metastatic disease. Treatment planning in 
these patients is typically dependent upon tumor genomic 
profiling in order to identify the therapies to which a given 
patient is most likely to respond. Asian patients with NSCLC 
commonly harbor certain epidermal growth factor receptor 
(EGFR)‑sensitizing mutations, such as L858R or exon 19 
deletions (2,3), and the treatment of these patients with EGFR 
tyrosine kinase inhibitors (EGFR‑TKIs) has been shown 
to achieve significant improvements in progression‑free 
survival (PFS) compared with first‑line chemotherapy (4,5). 
As such, EGFR‑TKI monotherapy or combination treatment 
is a primary approach to the management of NSCLC patients 
with EGFR mutations (6). However, these patients generally 
develop acquired resistance to first‑generation EGFR‑TKIs 
over a median period of 10‑14 months (7,8).
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Patients exhibiting progressive disease (PD) consistent 
with acquired resistance to first‑generation EGFR‑TKIs must 
typically undergo re‑biopsy in order to establish the mecha‑
nism of resistance. The EGFR T790M mutation is the most 
common cause of such resistance and it is present in 50‑60% 
of the patients, with others exhibiting resistance as a result of 
either histological/phenotypic transformation or the activation 
of alternative pathways (9‑11).

There are several approaches to detecting gene mutations 
in patient tissue or plasma samples. For patients with primary 
NSCLC, detecting gene mutations in tumor tissue samples 
using an amplification refractory mutation system assay is 
the clinical gold standard (12). This assay is based upon a 
quantitative PCR approach, and utilizes specific probes to 
detect mutations in tissue samples containing as little as 1% 
mutated DNA on a background of 99% normal DNA (13). 
Importantly, this assay has been approved for clinical use in 
China by the China Federal Drug Administration. However, 
this approach may be inadequate for re‑biopsy tissue samples 
due to their limited DNA content. In order to reduce the inci‑
dence of false‑negative results, more sensitive gene detection 
methods have been developed. Next‑generation sequencing 
(NGS), which is based on the massively parallel sequencing 
of millions of different DNA molecules, allows for the detec‑
tion of multiple mutations across genes. By using focused 
gene panels and by narrowing the coverage on target genes, 
each read is sequenced thousands of times, ensuring a high 
degree of sensitivity (14). The NGS approach facilitates the 
detection of rare circulating tumor DNA (ctDNA) sequences 
in the blood or other bodily fluids, and represents a new gold 
standard approach to ctDNA analysis  (15). Roche Cobas 
z480 (Cobas) is an allele‑specific polymerase chain reaction 
assay that enables the detection of known common EGFR 
mutations. The validity of this approach has been confirmed 
using negative and positive controls, revealing a sensitivity of 
0.1‑0.5% (16).

In some cases, conducting tissue biopsy can be dangerous 
due to the condition of the patient or the location of the tumor. 
Liquid biopsy may serve as an alternative option in these 
patients, as EGFR mutation status can be assessed using 
ctDNA. In certain clinical trials, droplet digital PCR (ddPCR) 
has been adopted to compare the performance of EGFR testing 
in ctDNA vs. tumor tissue samples, achieving high sensitivity 
and specificity (17,18). However, as this approach is targeted, it 
limits the potential for the simultaneous analysis of additional 
emergent mutations. The super amplification refractory muta‑
tion system (SuperARMS) assay is a novel modification of the 
ARMS assay wherein primers and reaction conditions have 
been optimized to improve sensitivity, achieving a detection 
limit of 0.2% (6).

Osimertinib is a third‑generation EGFR‑TKI that has been 
shown to be effective against tumors harboring T790M muta‑
tions and to achieve adequate central nervous system (CNS) 
concentrations. The AURA3 study demonstrated that osimer‑
tinib treatment achieved a significantly longer median PFS 
duration (10.1 vs. 4.4 months; P<0.001) and a better objective 
response rate (71 vs. 31%; P<0.001) relative to platinum‑based 
chemotherapy combined with pemetrexed (19). Patients with 
acquired T790M mutation may be treated with osimertinib. The 
treatment of patients with other drug‑resistant mechanisms, 

including MET rearrangement, HER‑2 mutation and patho‑
logical transformation, may be changed to other targeted 
drugs or chemotherapy. Consequently, re‑biopsy is necessary. 
Acquired T790M mutation represents 50‑60% of all resistance 
mechanisms, and patients with acquired T790M mutation 
show a good therapeutic response after receiving osimertinib 
as subsequent therapy (19). However, in the real‑world clinical 
setting, the number of patients who receive osimertinib is 
lower compared with the rate of acquired T790M mutations 
reported in the literature, which may be attributed to the gene 
detection technologies or the patients' financial status (20). A 
number of different approaches have been used to assess tumor 
tissue and plasma samples in order to establish the presence of 
the T790M mutation, but the relative sensitivity and reliability 
of these different methods remain to be firmly established. In 
addition, the data from real‑world clinical settings regarding 
the frequency of acquired T790M positivity in patients and 
their subsequent treatment are limited. Furthermore, tissue 
re‑biopsy is not feasible for all patients; therefore, the present 
study was focused on plasma re‑biopsy. The aim of the present 
study was to assess the relative sensitivity and reliability of 
different technologies for the detection of T790M mutations 
in plasma samples from patients with NSCLC and to assess 
re‑biopsy rates and subsequent treatment strategies in a 
real‑world clinical setting.

Materials and methods

Patients. Relevant data for all patients eligible for inclusion in 
this study were retrospectively gathered from the electronic 
records of the Department of Respiratory Medicine of the First 
Hospital Affiliated to Wenzhou Medical University between 
December 2014 and July 2018. All the patients were diagnosed 
with advanced NSCLC as confirmed by both radiological and 
cytological/pathological evidence. In addition, all patients 
harbored classical EGFR mutations (exon 19 deletion or the 
L858R mutation in exon 21), and all patients exhibited PD 
while under treatment with first‑generation EGFR‑TKIs.

Acquired resistance to first‑generation EGFR‑TKIs was 
defined based on a study conducted by Jackman et al (20) as 
follows: Patients exhibited significant and sustained benefits 
upon initial treatment with first‑generation EGFR‑TKIs 
(>6 months), but experienced PD within the past 30 days 
despite sustained treatment. Patients were excluded from the 
present study if they underwent additional treatment prior to 
re‑biopsy, if they had additional cancers, or if they harbored 
de novo T790M mutations. The baseline disease status in each 
patient was evaluated within 28 days of EGFR‑TKI treatment 
initiation, and patients were re‑evaluated every 8 weeks via 
chest high‑resolution computed tomography (CT) and every 
2‑3 months via brain, adrenal gland, lymph node, bone and 
abdominal imaging.

The Response Evaluation Criteria in Solid Tumors 
(version 1.1) (22) were used to define tumor progression. PFS‑1 
was defined as the time from initiation of first‑generation 
EGFR‑TKI treatment to the first documentation of PD, while 
PFS‑2 was defined as the time from the initiation of sequential 
therapy until the date of objective PD or death.

All patient demographic and clinical information was 
retrieved retrospectively and based on real‑world evidence, 
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including patient age, sex, smoking history, tumor histo‑
logical findings, mutation detection strategy, EGFR‑activating 
mutation status, type of EGFR‑TKI treatment, CNS metastasis 
status and type of PD.

This study was approved by the Ethics of Committees of 
the First Hospital Affiliated to Wenzhou Medical University, 
and was conducted in accordance with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical 
standards. Informed patient consent was waived due to the 
retrospective study design.

Re‑biopsy procedure. Tissue re‑biopsy was conducted in 
patients via CT‑guided needle biopsy, transbronchial biopsy, 
malignant lymph node biopsy, thoracoscopy biopsy and 
cytology from malignant effusions, as appropriate. All 
patients provided informed consent before re‑biopsy was 
conducted. When tissue re‑biopsy failed or when the obtained 
sample was insufficient for gene sequencing, plasma samples 
were collected for ctDNA analyses with patient consent. A 
peripheral whole blood sample (10 ml) from each patient was 
collected into EDTA tubes and was used for subsequent gene 
detection analyses.

Assessment of EGFR T790M mutation status. Tissue samples 
from all patients were subjected to histological review, and 
when sufficient tumor cells were present, DNA was extracted 
from formalin‑fixed paraffin‑embedded (FFPE) samples for 
molecular analyses. Five to ten 5‑µm sections per tumor tissue 
sample were used for DNA extraction.

The ARMS gene detection strategy utilized a QIAamp 
DNA FFPE Tissue Kit (Qiagen GmbH) according to the manu‑
facturer's instructions. The Illumina Hiseq NovaSeq6000 S2 
(Geneseeq Technology Inc.) platform was used for NGS 
analysis, while a multiplex Taqman real‑time PCR by Cobas 
z480 (Roche Molecular Systems, Inc.) was used for Cobas. 
These systems were used to detect the presence of the T790M 
mutation and for other genomic analyses assessing ERBB2, 
ALK, RET fusion and ROS1 fusion status.

When plasma re‑biopsy was required, ctDNA was extracted 
from the blood by centrifuging samples within 1 h of collec‑
tion at room temperature (2,000 x g for 10 min), followed by 
an additional spin at 8,000 x g for 10 min to isolate the plasma, 
which was then stored at ‑80˚C until ctDNA extraction. Plasma 
ctDNA was extracted from 4 ml of plasma from each patient. 
The samples were analyzed using an ADx‑SuperARMS EGFR 
mutation detection kit (Amoy Diagnostics Co., Ltd.), Bio‑Rad 
QX200 Droplet Digital PCR (Bio‑Rad Laboratories, Inc.) and 
an NGS platform (Illumina Hiseq NovaSeq6000 S2, Geneseeq 
Technology Inc.). Eluted DNA was immediately used to detect 
EGFR mutations. All kits and techniques were used based on 
the manufacturer's instructions.

When one or more tissue gene detection analyses indicated 
T790M positivity, the patient was considered to harbor the 
T790M mutation in the analyzed tissue; the same was also true 
for plasma ctDNA detection results.

Statistical analysis. SPSS v24.0 (IBM Corp.) was used for all 
statistical testing. Sensitivity was measured by assessing the 
frequency of concordant sample positivity as a fraction of total 
tissue sample positivity, whereas specificity was determined 

based on the frequency of concordant negative samples as a 
fraction of total negative tissue samples. Concordance rates 
were determined based upon the sum of positives and negatives 
in both sample types divided by the total number of matched 
samples. The concordance of T790M detection in tissue and 
plasma samples was evaluated via the McNemar χ2 test and 
using κ values. All time‑to‑event outcomes were estimated 
using the Kaplan‑Meier method and compared across groups 
with the log‑rank test or the Cox proportional hazards model. 
A two‑sided P<0.05 was considered to indicate statistically 
significant differences.

Results

Patient characteristics. In total, 287 patients were eligible for 
inclusion in the present study, of whom 103 did not undergo 
re‑biopsy, and 25 only underwent plasma‑based ctDNA 
analysis. The 159 patients who underwent tissue re‑biopsy 
were included in our final patient cohort. These patients had 
a median age of 63 years (range, 32‑85 years), 63.5% were 
female, 78.6% were never‑smokers and the remaining 21.4% 
were current or former smokers. In‑frame exon 19 EGFR 
deletions were identified in 56% of included patients, with the 
remaining 44% exhibiting L858R mutations in EGFR exon 21. 
Pathological analyses confirmed that the type of tumor was 
adenocarcinoma in all the patients. The first‑generation 
EGFR‑TKIs used to treat these patients included gefitinib 
(n=74), icotinib (n=82) and erlotinib (n=3). The median PFS 
of the patients was 10.7 months. In total, 194 specimens were 
obtained upon re‑biopsy of these 159 patients. All patient 
characteristics are listed in Table I, while the primary biopsy 
and re‑biopsy methods are shown in Table II. A flowchart of 
the study design is shown in Fig. 1.

Prevalence of the T790M detection. Tissue re‑biopsy was 
conducted in 159 patients, of whom 26 did not undergo any 
genetic analyses due to financial limitations. In addition, 
sufficient tissue was not obtained for genetic analyses from 
23 patients, while 19 patients reportedly underwent re‑biopsy 
and genetic analyses, but had no available gene reports and 
were lost to follow‑up. In addition, 37 of these patients declined 
to provide blood samples; finally, only 122 patients underwent 
gene detection analyses based upon tissue, blood, or tissue 
and blood samples. The details on gene detection methods are 
shown in Fig. 4.

The presence of the T790M mutation was detected upon 
tissue re‑biopsy in 53.8% (49/91) of the patients, and upon 
plasma biopsy analysis in 56.6% (47/83) of the patients. The 
rates of T790M mutation positivity in tissue specimens were 
57.8% (26/45), 60.0% (12/20) and 38.1% (16/42) when detec‑
tion was conducted using NGS, Cobas and ARMS assays, 
respectively. For plasma specimens, the rates of T790M muta‑
tion positivity were 60.0% (12/20), 59.3% (32/54) and 60.0% 
(9/15) when detection was conducted using NGS, ddPCR and 
SuperARMS assays, respectively.

In the 52 patients who underwent paired tissue and plasma 
sample analyses, the rates of T790M mutation positivity were 
61.5 and 65.4%, respectively (P=0.065). The sensitivity and 
specificity of the three methods for plasma T790M status 
determination were next evaluated by comparing the rates 
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of detection of this mutation in paired plasma and tissue 
re‑biopsy samples, with tissue samples serving as a reference. 
The T790M status in tissue and plasma is shown in Table III.

An NGS approach was employed to analyze plasma ctDNA 
samples from 19 patients. Of these, 8 patients were found to be 
T790M‑positive in both tissue and plasma analyses, while 5 
were negative in both analyses. Of the remaining patients, 2 
were found to be T790M‑positive in tissue samples but not in 
plasma samples, whereas 4 were found to be T790M‑positive 
in plasma samples but not in tissue samples. By comparing 
these results, it was determined that the NGS‑based detection 
of the T790M mutation in patient plasma had sensitivity and 
specificity values of 80% (8/10) and 55.6% (5/9), respectively.

A ddPCR‑based approach was used to evaluate plasma 
ctDNA samples from 32 patients. Of these, 15 were found to 
be positive for T790M mutations in both tissue and plasma 
samples, whereas 6 were negative in both types of samples. 
By contrast, 7 patients were found to be positive for T790M 
mutations in tissue samples but not in plasma samples, while 
the remaining 4 patients were positive for T790M mutations in 
plasma samples but not in tissue samples. By comparing these 

results, it was determined that the ddPCR‑based detection of 
T790M mutations in patient plasma had sensitivity and speci‑
ficity values of 68.2% (15/22) and 60.0% (6/10), respectively.

A SuperARMS‑based approach was used to evaluate 
the plasma ctDNA samples of 13 patients. Of these, 6 were 
found to be positive for T790M mutations in both tissue 
and plasma samples, whereas 1 was found to be negative in 
both sample types. By contrast, 4 patients were found to be 
positive for T790M mutations in tissue samples but not in 
plasma samples, while the remaining 2 patients were posi‑
tive for T790M mutations in plasma samples but not in tissue 
samples. By comparing these results, it was determined that 
the SuperARMS‑based detection of the T790M mutations in 
patient plasma had sensitivity and specificity values of 60.0% 
(6/10) and 33.3% (1/3), respectively.

In conclusion, the rates of T790M positivity associated 
with these three different approaches in tissue and plasma 
were 52.6% (10/19) vs. 63.2% (12/19; P=0.687), 68.8% (22/32) 
vs. 59.4% (19/32; P=0.549) and 76.9% (10/13) vs. 61.5% 
(8/13; P=0.687), respectively. Further details may be found 
in Table  IV. The rates of T790M detection did not differ 
significantly between tissue and plasma samples (P>0.05), 
with a low concordance rate between the two (κ<0.4), possibly 
due to the insufficient sample size included in this study.

Prevalence of other detected mutations. In total, 122 patients 
underwent T790M genotyping, of whom 72 were found to be 
positive for this mutation. Of these patients, 2 exhibited dual 
MET and EGFR T790M mutations, while 1 harbored dual 
ALK and EGFR T790M mutations.

The remaining 50 patients were T790M‑negative. Of these 
patients, 4 had rare mutations, including ALK fusions as well 
as HER‑2, EGFR G719A and EGFR G719X mutations.

Subsequent treatment. A total of 76.7% (122/159) of the 
patients in the present study underwent re‑biopsy and/or 
plasma‑based genotyping following tumor progression. Of 
these patients, 72 (59%) were found to be T790M‑positive, 
yet only 32  patients (26.2%, 32/122) were treated with 

Table I. Characteristics of enrolled patients.

Characteristics	 N (%)

Age (years), median (range)	 66 (40‑81)
Sex	
  Male	 58 (36.5)
  Female	 101 (63.5)
Smoking status	
  Never smokers	 125 (78.6)
  Former and current smokers	 34 (21.4)
Pathology at diagnosis	
  Adenocarcinoma	 157 (98.7)
  Poorly differentiated carcinoma	 1 (0.6)
  Sarcomatous degeneration	 1 (0.6)
Baseline EGFR mutation	
  Exon19 deletions	 89 (56.0)
  Exon 21 L858R	 70 (44.0)
Initial EGFR‑TKI regimen	
  Gefitinib	 74 (46.5)
  Icotinib	 82 (51.6)
  Erlotinib	 3 (1.9)
PFS‑1 (months)	 10.4
PFS‑2 (months)	 8.7
Disease stage 	
  <IIIB	 20
  IIIB or IV	 139

PFS, progression‑free survival; EGFR‑TKIs, epidermal growth 
factor receptor tyrosine kinase inhibitors. PFS‑1, time from initiation 
of treatment with first‑generation epidermal growth factor receptor 
tyrosine kinase inhibitors to the first documentation of progressive 
disease; PFS‑2, time from the initiation of sequential therapy until the 
date of objective disease progression or death.

Table II. Primary biopsy and re‑biopsy methods.

	 Primary	 Re‑biopsy,
	 biopsy, n (%)	 n (%)
Procedures 	 (n=159)	 (n=194)

Computed tomography‑guided	 53 (33.3)	 70 (36.1)
lung needle biopsies		
Transbronchial biopsy	 42 (26.4)	 26 (13.4)
Thoracentesis	 33 (20.8)	 76 (39.2)
Thoracoscopic biopsy	 13 (8.2)	 0
Lung resection	 11 (6.9)	 1 (0.5)
Lymph node biopsy	 6 (3.8)	 11 (5.7)
Metastatic lesion surgery	 1 (0.6)	 1 (0.5)
Pericardiocentesis	 0	 3 (1.5)
Abdominocentesis	 0	 4 (2.1)
Lumbar puncture	 0	 1 (0.5)
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osimertinib. Of the remaining patients, 19 continued to receive 
first‑generation EGFR‑TKIs, 13 switched to a chemotherapy 
regimen, 1 switched to anlotinib, 4 died from pericardial or 
brain metastases, and 3 were lost to follow‑up.

Association between the T790M mutation and survival in 
patients receiving osimertinib. PFS‑1 was assessed in all 
122 patients based on their tissue or plasma T790M status. In 
all patients, the median PFS‑1 was 10.4 months. The median 
PFS‑1 in the T790M‑positive group was shorter compared 
with that in the T790M‑negative group (10.3 vs. 10.7 months, 
respectively; P=0.752; Fig. 2).

The survival of 64 patients with T790M mutations who 
underwent different sequential treatments, including osimer‑
tinib, chemotherapy and sustained first‑generation TKI 
therapy, was also investigated (Fig. 3). The median PFS‑2 in 
these patients was 8.7 months (95% CI: 6.338‑11.026 months). 
Of these patients, the median PFS‑2 of 32 patients receiving 
osimertinib was 9.1  months (95% CI: 8.012‑10.118), the 
median PFS‑2 of the 13 patients who switched to chemo‑
therapy was 6.8 months (95% CI: 3.484‑10.116), and the 
median PFS‑2 of the 19 patients who received continuous 
TKI treatment was 2.9 months (95% CI: 2.740‑3.060). Of 
these three groups, the PFS‑2 of patients receiving osimer‑
tinib was significantly longer compared with that of patients 
who underwent themotherapy or sustained first‑generation 
TKI treatment (P<0.001).

Discussion 

EGFR mutations are among the most common driver muta‑
tions observed in Asian patients with NSCLC. First‑generation 
EGFR‑TKIs, such as gefitinib or erlotinib, or second‑generation 
EGFR‑TKIs, such as afatinib, remain the standard of care for 
patients with advanced NSCLC harboring EGFR‑sensitizing 
mutations. While these EGFR‑TKIs are associated with good 
efficacy and improved patient quality of life, drug resistance 

commonly develops and remains an obstacle to positive 
long‑term treatment outcomes.

In patients exhibiting PD, re‑biopsy is required in order to 
understand the genetic basis for resistance and to guide further 
treatment selection. Tissue re‑biopsy samples exhibit higher 
rates of T790M mutation and are more stable compared with 
plasma samples. In addition, tissue samples enable detection 
of histological transformation. Therefore, tissue specimens 
are used for reference purposes upon re‑biopsy (21). However, 
as tissue re‑biopsy is an invasive procedure, it may not be 
well‑tolerated by certain patients. In addition, it may be 
difficult to obtain such biopsy samples when patients exhibit 
stable lung disease but experience progression in other sites, 
such as the brain, lung, bone, or peritoneum. Liquid biopsy, by 
contrast, is a low‑risk and relatively non‑invasive procedure 
that can offer more comprehensive information regarding 
tumor mutation status without the spatial restrictions imposed 
by tissue re‑biopsy. In theory, liquid biopsy can offer a compre‑
hensive overview of patient tumor burden and mutational 
status, although in practice such biopsies generally only reflect 
a small fraction of total tumor DNA present within cancer 
patients (22). Indeed, in some cases, plasma ctDNA analyses 
may fail to detect mutations that are identified upon analysis 
of tumor tissue specimens. Therefore, negative plasma ctDNA 
results should be confirmed by tumor tissue sample anal‑
yses (23‑25). Recent work by Usui et al (26) utilized a Cobas 
approach to detect the T790M mutation in plasma ctDNA 
re‑biopsy samples, and determined that this approach had a 
sensitivity of 2/9 (22.2%) and a specificity of 15/2 2 (68.2%), 
with a T790M detection concordance rate of 54.8% between 
plasma and tissue samples. Zugazagoitia et al (27) concluded 
that NGS‑based analyses of ctDNA may serve as an alterna‑
tive to tumor tissue sample analyses in their small study of 
53 patients. A study of 95 patients conducted by Cui et al (28) 
found that SuperARMS and ARMS methods exhibited high 
concordance in their detection of EGFR mutations. With 
respect to T790M mutation status, 9 cases were identified via 

Figure 1. Flowchart of the study design. EGFR‑TKI, epidermal growth factor receptor tyrosine kinase inhibitor; NGS, next‑generation sequencing; ddPCR, 
droplet digital PCR; SuperARMS, super amplification refractory mutation system.
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SuperARMS, whereas only 1 of these cases was detected using 
an ARMS assay. However, at present, there is not sufficiently 
strong evidence to support the use of ctDNA‑based analyses 
for the identification of the EGFR T790M mutation in patients 
with NSCLC.

In the present study, 52  patients who had undergone 
simultaneous analyses of tissue and plasma re‑biopsy samples 
were identified, yielding respective rates of T790M positivity 
of 61.5 and 65.4% (P=0.065). In contrast to prior studies, the 

rate of T790M detection herein was slightly lower in tissue 
samples. This may be attributable to the different methodolog‑
ical approaches used to analyze these samples, or it may be a 
consequence of tumor tissue heterogeneity and the presence of 
T790M subclones in plasma ctDNA samples (29,30).

In the present study, the T790M detection rates in tissue 
samples were 57.8 and 60.0% by NGS and Cobas, respectively, 
in line with the detection rates of 49‑65% reported by prior 
studies (19,31,32). A number of retrospective analyses have 
explored ARMS‑based genotyping and found it to be modestly 
sensitive when detecting T790M mutations, with a recent study 
having recorded a rate of T790M positivity of 39.6% using an 

Figure 3. Kaplan‑Meier curve analysis demonstrated that patients harboring 
T790M mutation treated with osimertinib had a longer PFS‑2 compared with 
the subgroup treated with chemotherapy or first‑generation TKIs (P<0.001). 
PFS, progression‑free survival; PFS‑2, time from the initiation of sequential 
therapy until the date of objective disease progression or death; TKIs, tyro‑
sine kinase inhibitors.Figure 2. Kaplan‑Meier curve analysis demonstrated that patients with and 

without T790M did not exhibit statistically significant differences in median 
PFS‑1 (P<0.001). PFS, progression‑free survival; PFS‑1, time from initiation 
of treatment with first‑generation epidermal growth factor receptor tyrosine 
kinase inhibitors to the first documentation of progressive disease.

Table IV. Sensitivity and specificity of different detection methods.

	 Detection rate (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Detection method	 Tissue	 Plasma	 P‑value	 Sensitivity (%)	 Specificity (%)	 κ

Plasma NGS	 52.6	 63.2	 0.687	 80.0	 55.6	 0.360
Plasma ddPCR	 68.8	 60.0	 0.549	 68.2	 60.0	 0.261
Plasma SuperARMS	 76.9	 61.5	 0.687	 60.0	 33.3	 ‑0.054

NGS, next‑generation sequencing; ddPCR, droplet digital PCR; SuperARMS, super amplification refractory mutation system.

Table III. T790M status in tissue and plasma.

	 Plasma T790M status, n (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Tissue	 By NGS	 By ddPCR	 By SuperARMS
T790M	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
status	 +	 ‑	 Total	 +	 ‑	 Total	 +	 ‑	 Total

+	 8	 2	 10 (52.6)	 15	 7	 22 (68.8)	 6	 4	 10 (76.9)
‑	 4	 5	 9 (47.4)	 4	 6	 10 (31.2)	 2	 1	 3 (23.1)
Total	 12 (63.2)	 7 (36.8)	 19 (100.0)	 19 (59.4)	 13 (40.6)	 32 (100.0)	 8 (61.5)	 5 (38.5)	 13 (100.0)

NGS, next‑generation sequencing; ddPCR, droplet digital PCR; SuperARMS, super amplification refractory mutation system.
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ARMS approach (33), similar to our findings. Relative to other 
tested genotyping strategies, ARMS is not as sensitive, partic‑
ularly when detecting low‑abundance mutations. While the 
detection of T790M and other EGFR mutations via ARMS has 
been increasingly common in the clinical setting, the relatively 
poor sensitivity of this assay bears the risk of erroneously low 
rates of accurate detection for this mutation in tissue samples.

To further evaluate the sensitivity and specificity of 
different ctDNA‑based T790M mutation detection approaches, 
these 52  patients were next subdivided based on whether 
they were analyzed via NGS, ddPCR or SuperARMS. It was 
observed that NGS was the most sensitive of these approaches 
and exhibited moderate specificity, as well as the highest 
concordance with tissue testing among these three strategies. 
All three methods had sensitivity values of 60‑80%, in line 
with the ranges reported in prior studies (40‑78%). These three 
methods had specificities of 55.6‑60% (with the exception 
of SuperARMS, which had a specificity of just 33.3% due 
to an insufficient sample size and was thus omitted), with 
these values being well below those reported by prior studies 
(80‑100%) (22,34‑36). This may be the result of the insuffi‑
cient number of patients undergoing simultaneous blood‑ and 
tissue‑based genotyping in the present study.

As the availability of osimertinib to patients within the 
Chinese healthcare system has increased in recent years, the 
proportion of patients undergoing re‑biopsy has also increased. 
Specimen types and analysis methods have also become more 
diversified in recent years, leading to the more widespread use 
of third‑generation EGFR‑TKIs. However, our results suggest 
that only a limited subset of patients are actually treated with 
osimertinib as second‑line therapy after developing resistance 
to first‑generation EGFR‑TKIs.

Of the 287 patients included in the present study, 128 did not 
undergo re‑biopsy. For the majority of these patients, the decision 
not to perform re‑biopsy was associated with either an intoler‑
ance to the necessary biopsy procedures, difficulty in accessing 
the biopsy site, or financial limitations. In total, 159 patients 
underwent tissue re‑biopsy, but the sequencing of tissue samples 
from 68 of these patients failed due to insufficient tumor content 

(n=25) or negative pathology (n=12). In total, 122 (76.7%, 122/159) 
patients underwent tissue and/or alternative plasma‑based 
genotyping of T790M. Of these, 72 patients (59%,72/122) were 
found to be T790M‑positive. Ultimately, only 32 patients (26.2%, 
32/122) were subsequently treated with osimertinib. Decisions 
regarding the use of osimertinib were primarily related to the 
general patient condition and financial factors.

These results clearly indicated that the percentage of 
patients treated with third‑generation EGFR‑TKIs was mark‑
edly lower than the rate at which this mutation was detected in 
this real‑world clinical setting. A number of different factors 
ultimately determine whether patients are able to undergo 
re‑biopsy and to be treated with osimertinib if appropriate, 
including limited financial means, difficulties in conducting 
re‑biopsy due to patient intolerance or tumor location, 
and failed re‑biopsy. To date, two real‑world studies have 
confirmed that <25% of patients exhibiting acquired resistance 
to first‑generation EGFR‑TKIs were able to undergo treatment 
with osimertinib (37,38). The FLAURA study found that the 
use of osimertinib as first‑line therapy in NSCLC patients with 
EGFR mutations was associated with a significant increase 
in median PFS relative to first‑line use of first‑generation 
EGFR‑TKIs (18.9 vs. 10.2 months, respectively; P<0.0001) (39). 
Therefore, the use of osimertinib as first‑line therapy may be 
beneficial for patients with EGFR‑mutated NSCLC.

Brain metastases are often detected in patients with 
advanced NSCLC, with >25% of patients exhibiting such 
metastases upon initial diagnosis and with their prevalence 
increasing with disease progression. EGFR mutation posi‑
tivity and EGFR‑TKI treatment are associated with a higher 
incidence of brain metastases in patients with advanced 
NSCLC  (40). The mechanism underlying this phenotype 
may be distinct from that governing extracranial progression. 
Specifically, while extracranial progression is often associ‑
ated with acquired resistance, intracranial progression is 
generally associated with the limited ability of EGFR‑TKIs 
to penetrate the blood‑brain barrier (BBB). Indeed, gefitinib 
and erlotinib have just 1.1 and 2.8‑5.1% BBB penetration rates, 
respectively (41,42). A total of 97 patients in the present study 

Figure 4. Distribution of the159 patients subjected to tissue and plasma re‑biopsy. NGS, next‑generation sequencing; ddPCR, droplet digital PCR; SuperARMS, 
super amplification refractory mutation system.
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were evaluated for brain metastases during treatment. Of 
these, 20 patients exhibited brain metastases at baseline, with 
11 exhibiting intracranial progression during treatment and 8 
exhibiting intracranial stability (8.2%, 8/97); 1 patient with 
baseline lesions exhibited a partial response (1%, 1/97). Of the 
77 patients without baseline brain metastases prior to first‑line 
EGFR‑TKI treatment, 6 exhibited new intracranial metastases 
during follow‑up. In summary, 17 patients in the present study 
exhibited intracranial progression, with 8 patients (47.1%, 8/17) 
having been treated with osimertinib, 3 (17.6%, 3/17) having 
been treated via chemotherapy, and 4 patients (23.5%, 4/17) 
under continued treatment using first‑generation EGFR‑TKIs. 
In addition, 2 patients exhibited rapid intracranial progression 
and succumbed to the disease within 2 weeks.

A total of 2 patients in our overall study population (1.3%, 
2/159) who underwent re‑biopsy exhibited a rare histological 
transformation from adenocarcinoma to small cell lung cancer 
(SCLC). As chemotherapy is the primary treatment used for 
SCLC, 1 of these patients received chemotherapy, although it 
was found to be ineffective after 2 treatment cycles. However, 
plasma ctDNA analyses for this patient revealed weak T790M 
positivity, suggesting that a combination of chemotherapy 
and targeted third‑generation EGFR‑TKI treatment may have 
been more effective, although further research is necessary to 
fully determine the efficacy of this strategy. The other one of 
these 2 patients did not receive treatment, and succumbed to 
the disease due to rapid progression. At present, there is no 
standard treatment course for transformed SCLC. Given that 
this condition is serious and has a poor prognosis, it is crucial 
to develop novel treatments for affected patients (43,44).

There were several limitations to the present study. First, our 
data were derived from electronic health records, which were 
not collected or organized with the goal of supporting research, 
and as such their accuracy and reliability are unknown. To 
compensate for this weakness, we have tried to collect original 
data, including radiographic images and gene detection reports 
where possible. In addition, as this was a single‑center study 
of a small population, these results may not necessarily apply 
to larger populations. Furthermore, patients exhibiting gradual 
disease progression are more suitable candidates for re‑biopsy 
owing to their overall good condition, but they are also able 
to continue using first‑generation EGFR‑TKIs. Although these 
patients exhibited T790M mutation positivity, they were not 
switched to osimertinib. Due to the relatively short follow‑up 
period of the preent study, these patients were considered to 
have not changed their therapeutic regimen, although they may 
have done so after the end of our follow‑up period.

In summary, the results of the present study suggest that 
NGS‑based approaches are the most sensitive for detecting 
EGFR T790M mutations in plasma ctDNA samples from 
patients with NSCLC, with this approach yielding the highest 
concordance with tissue samples. In this study of a real‑world 
clinical setting, it was also found that fewer patients than 
expected underwent re‑biopsy, and that only a relatively 
limited subset of patients found to harbor the acquired T790M 
mutations underwent third‑generation EGFT‑TKI follow‑up 
treatment. Furthermore, less than half of patients suffering 
from intracranial progression received osimertinib. Finally, it 
was also found that transformed SCLC with acquired T790M 
mutation positivity may be associated with poor prognosis.
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