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Background: Serial profiling of circulating tumor DNA (ctDNA) could reflect dynamic molecular 
changes in response to treatment and potentially predict impending disease progression (PD). Herein, we 
investigated the molecular factors and dynamic changes in ctDNA that can serve as predictors of survival 
outcomes of patients with epidermal growth factor receptor (EGFR)-mutated advanced non-small cell lung 
cancer (NSCLC) who received osimertinib therapy after progression from prior EGFR inhibitor regimen.
Methods: Capture-based targeted sequencing was performed on the baseline and longitudinal plasma 
samples collected from 72 and 57 patients, respectively, using a 168-gene panel.
Results: Analysis revealed that inferior overall survival (OS) was correlated with various baseline molecular 
features including high allelic fraction (AF) of EGFR sensitizing mutations (P=0.045), high maximum AF 
(maxAF, P=0.060), or harboring concurrent genomic alterations such as copy number amplification (CNA) 
in EGFR (P=0.026) or in other genes (P=0.026), and genes involved in the cell cycle (P=0.004) or TP53 
signaling pathway (P=0.032). Moreover, ctDNA clearance at first follow-up after 6 weeks of osimertinib 
therapy was correlated with significantly longer progression-free survival (PFS) (P=0.022) and OS (P=0.009). 
Molecular PD, reflected by the emergence of new mutation or increased AF of existing mutations, was 
detected at an average lead time of 2.5 months prior to radiological PD. Patients with molecular PD were 
more likely to harbor CNA (P=0.035) and TP53 mutations (P=0.023).
Conclusions: Molecular factors derived from serial ctDNA profiling can serve as predictive and prognostic 
markers, which could allow early detection of PD, preceding imaging modalities by 2.5 months.
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Introduction

Tyrosine kinase inhibitors (TKI) targeting actionable 
mutations in the epidermal growth factor receptor 
(EGFR) have dramatically improved the clinical outcome 
of patients with EGFR-mutant advanced non-small cell 
lung cancer (NSCLC) (1,2). However, despite remarkable 
treatment responses, resistance inevitably occurs within 
1 year of treatment and has become a growing challenge 
(3,4). With the approval of osimertinib, NSCLC patients 
are required to undergo rebiopsy for molecular testing of 
EGFR T790M status upon progression from EGFR-TKI 
therapy (5). Tissue rebiopsy procedures are invasive and 
less feasible in some patients (6). Alternatively, circulating 
tumor DNA (ctDNA) purified from the plasma has been 
increasingly used as a source of tumor-derived DNA for 
the detection of somatic mutations in cancer diagnosis, 
including T790M (7-12). Since ctDNA originates from 
the apoptotic and necrotic turnover of cancer cells (13), its 
genomic profile is consistent with the profile derived from 
the tumor DNA (7,14). The potential of ctDNA in dynamic 
monitoring of treatment response during the course of 
EGFR-TKI treatment has been actively explored and is 
growing more essential in the assessment of treatment 
response and the emergence of drug resistance (11,15-18).  
Numerous studies have demonstrated that a reduction 
in the allelic abundance of EGFR sensitizing mutation 
reflects the sensitivity to EGFR-TKI therapy (18,19). In 
addition to treatment monitoring, serial assessment of 
ctDNA levels has been explored as a potential noninvasive 
real-time prognostic and predictive biomarker (18,20-23).  
The prognostic value of assessing ctDNA levels has been 
demonstrated in detecting minimal residual disease in 
patients who underwent surgery (24-28). Detectable 
ctDNA levels at the time of diagnosis and presence of 
ctDNA at follow-up after initiating treatment were shown 
to be associated with poor prognosis (20,21). However, 
more effort is still needed to identify specific molecular 
markers from ctDNA that could predict clinical outcomes 
of NSCLC patients. In our study, we aimed to identify 
molecular factors at baseline and certain dynamic changes 
during osimertinib treatment derived from serial ctDNA 
profiling that could serve as predictive and prognostic 
markers in patients with EGFR-mutated advanced NSCLC 
who are undergoing osimertinib treatment. We present the 
following article in accordance with the MDAR reporting 
checklist (available at http://dx.doi.org/10.21037/tlcr-20-
371).

Methods

Patients

Patients with EGFR T790M-positive advanced NSCLC 
who progressed on prior first-generation or second-
generation EGFR-TKI therapy from 6 hospitals were 
prospectively enrolled in the study from November 1, 2016 
until May 31, 2017. NSCLC patients who were diagnosed 
with non-resectable disease were included in the study 
based on the following criteria: (I) those who progressed 
from prior first-generation or second-generation EGFR-
TKI, (II) confirmed EGFR T790M mutation evaluated 
in tissue samples by real-time polymerase chain reaction-
based COBAS EGFR mutation test (Roche Diagnostics), 
and (III) have not received osimertinib therapy. Plasma 
samples were collected from the patients prior to initiating 
osimertinib therapy and longitudinally during the course of 
the treatment until radiologic confirmation of progressive 
disease (PD). NSCLC was diagnosed according to the 
2015 World Health Organization histological classification 
of lung tumors (29). Clinical staging was according to 
the seventh edition of the American Joint Committee on 
Cancer (30). Treatment responses were assessed by the 
investigators based on the Response Evaluation Criteria 
in Solid Tumors version 1.1 (31). Medical records were 
retrieved to collect clinicopathologic data, treatment history, 
and survival outcomes. This study has been approved by the 
ethics committee of Jinling Hospital, Nanjing University 
School of Medicine (approval number: 2017NZKY-001-
03) and performed in accordance with the Declaration of 
Helsinki as revised in 2013. Written informed consent was 
provided by all the patients included in the study.

Cell-free DNA isolation and capture-based targeted DNA 
sequencing

Circulating cell-free DNA was recovered from 4–5 mL 
of plasma using the QIAamp Circulating Nucleic Acid kit 
(Qiagen, Hilden, Germany). A minimum of 50 ng of DNA 
is required for next-generation sequencing (NGS) library 
construction. Samples that did not meet the minimum 
requirement were excluded and not processed further. 
A 168-gene panel, consisting of 68 lung cancer-related 
genes and 100 other genes related to cancer development 
spanning 273 kilobases of the human genome, was used 
for targeted sequencing (OncoScreen Target, Burning 
Rock Biotech, Guangzhou, China). Indexed samples 
were sequenced on Nextseq500 (Illumina, Inc., USA) 
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with paired-end reads and average sequencing depth of 
10,000×. Sequencing analysis was performed using an 
optimized bioinformatics pipeline that enabled accurate 
detection of somatic variants by discriminating sequencing 
artifacts from real mutations (14).

Statistical analysis

Differences in the groups were calculated and presented 
using either Fisher’s exact test or two-tailed Student’s 
t-test, as appropriate. Associations of mutation status with 

survival outcomes were analyzed using multivariate Cox 
proportional hazards regression analysis. Progression-
free survival (PFS) was defined from the date osimertinib 
was administered until the evaluation of PD. Overall 
survival (OS) was defined from the date osimertinib was 
administered until the day of death or the last day of 
follow-up, whichever is applicable. PFS and OS curves 
were estimated using the Kaplan-Meier method and the 
differences among the groups were evaluated using the 
log-rank test. P value <0.05 was considered as statistically 
significant. All the data were analyzed using R statistics 
package (R version 3.4.0; R: The R-Project for Statistical 
Computing, Vienna, Austria).

Results

Patient characteristics

A total of 72 patients with EGFR T790M-positive advanced 
NSCLC were included in the study. All the patients had 
stage IIIB to IV lung adenocarcinoma, progressed from 
prior therapy with either first- or second-generation 
EGFR-TKI, and were EGFR T790M-positive based on 
Cobas EGFR mutation test of tissue biopsy samples prior 
to inclusion in the study. The cohort had a median age of  
60.5 years, ranging from 35 to 81 years. Among them, 
43.1% (31/72) were males and 56.9% (41/72) were females. 
A majority of the patients (73.6%, 53/72) were never 
smokers, while 9.7% (7/72) of the patients had a smoking 
history. The remaining 16.7% (12/72) of the patients did 
not provide their smoking information.

After the collection of baseline plasma samples, the 
patients received osimertinib at 80 mg orally once daily, 
with the exception of 1 patient who received a dose 
reduction to 40 mg once daily due to adverse events. 
During the course of the treatment, plasma samples were 
collected longitudinally at follow-up every 6±1 weeks until 
the evaluation of PD by radiological imaging. The clinical 
features of the patients from this cohort were summarized 
in Table 1.

Genomic profile at baseline

Capture-based targeted sequencing was performed on 
ctDNA samples collected from the 72 patients at baseline 
using a panel covering critical exons and introns of 168 
cancer-related genes, achieving an average sequencing 
depth of 22,400× and median depth of 23,820× considering 

Table 1 Clinicopathologic characteristics of the cohort

Clinicopathologic features n=72

Age (years) (median, range) 60.5 [35–81]

Gender

Male 31 (43.1%)

Female 41 (56.9%)

Smoking history

Without history of smoking 53 (73.6%)

With history of smoking 7 (9.7%)

Data unavailable 12 (16.7%)

Histology

Adenocarcinoma 72 (100%)

Clinical stage

IV 69 (95.8%)

Others (IIIB, IIIC) 3 (4.2%)

Metastasis

Brain 27 (37.5%) 

Lymph node 49 (68.1%)

History of EGFR-TKI prior to osimertinib 
therapy

1 70 (97.2%)

>1 2 (2.8%)

Prior history of chemotherapy

None 32 (44.4%)

With prior chemotherapy 39 (54.2%)

Unknown 1 (1.4%)

Baseline tumor tissue EGFR T790M 
positive

72 (100%)
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all samples. This panel was clinically validated to achieve 
a by-variant sensitivity of 87.2% for identifying non-copy 
number variation (CNV) mutations in plasma samples of 
patients with advanced lung cancer (14).

A total of 261 mutations in 43 genes were identified from 
65 patients, including 159 single-nucleotide variants, 40 
insertions, and deletions, 38 copy number amplifications 
(CNAs), 10 frameshifts, 9 splice variants, 4 copy number 
deletions, and 1 fusion. Somatic mutations in genes 
included in the targeted panel, including EGFR sensitizing 
mutations and T790M, were not detected in the ctDNA of 
7 (9.7%, 7/72) patients. EGFR L858R and exon 19 deletion 
(19del) were detected in 40% (29/72) and 50% (36/72) 
of the patients, respectively. EGFR T790M was identified 
in 54 (75.0%, 54/72) patients, with 24 and 30 patients 
having concurrent EGFR L858R or 19del, respectively. 
Other oncogenic drivers such as ERBB2 amplifications 
(n=2), MET amplifications (n=1), BRAF V600E (n=1), and 
concurrent ERBB2 and MET amplifications (n=1) were 
detected concurrently with the EGFR sensitizing mutations. 
In addition, concurrent TP53 and PIK3CA were detected 
at mutation rates of 55.6% (40/72) and 6.9% (5/72), 
respectively (Figure S1).

Correlation of baseline genomic features and survival 
outcomes
To identify the baseline molecular features potentially 
associated with survival outcomes, the correlation between 
allelic fraction (AF) and survival outcomes were analyzed 
by stratifying the maximum AF (maxAF) or AF of EGFR 
sensitizing mutations into tertiles as “high”, “median”, and 
“low” groups. AF is defined as the abundance of mutant 
allele detected in a particular mutation site, such as EGFR 
L858R, in a particular sample; whereas, maxAF is defined 
as the highest proportion of mutant allele, or highest AF, 
collectively observed in a particular sample, regardless of 
gene or mutation site. The details of the AF and maxAF 
of all the patient samples are shown in file (https://cdn.
amegroups.cn/static/application/9b741657aae5b8109d04ec
a32228c9c8/tlcr-20-371-1.pdf). Log-rank analysis revealed 
that the patients with maxAF or AF of EGFR sensitizing 
mutation of >11% at baseline, considered as high level, 
had a trend of shorter OS than those with median or low 
maxAF [high vs. median, 14.3 months vs. not reached 
(NR), P=0.030; high vs. low, 14.3 months vs. NR, P=0.060; 
Figure 1A] or AF of EGFR sensitizing mutation (high 
vs. median, 14.3 months vs. NR, P=0.054; high vs. low,  

14.3 months vs. NR, P=0.045; Figure 1B).
Additional multivariate analysis revealed that patients 

with concurrent EGFR amplification (n=18) or CNA in 
other genes (n=20) at baseline had significantly inferior OS 
than patients without EGFR amplification (14.3 months 
vs. NR, P=0.026, Figure 1C) or CNA in other genes  
(14.3 months vs. NR, P=0.026, Figure 1D). In addition, 
patients with concurrent mutations in genes involved in the 
cell cycle or TP53 signaling pathway, detected in 14 and 
43 patients, respectively, had significantly shorter OS than 
those without the mutation (cell cycle 12.7 months vs. NR, 
P=0.004, Figure 1E; TP53 signaling pathway NR vs. NR, 
P=0.032, Figure 1F). Mutations in genes involved in the cell 
cycle signaling detected in the cohort included CCND1, 
CDK4, CDK6, CDKN2A, MYC, and RB1; while mutations 
in genes involved in the TP53 signaling pathway detected 
in the cohort included TP53, CCND1, CDK4, CDK6, 
CDKN2A, and PTEN. No significant correlation between 
genomic features and PFS was found in our cohort.

Taken together, these data suggest that certain molecular 
factors at baseline, including AF of EGFR sensitizing 
mutations, maxAF, and concurrent gene amplifications 
and alterations in genes involved in the cell cycle and 
TP53 pathways, were significantly correlated with the OS 
outcome of the patients in our cohort.

Dynamic molecular changes during osimertinib treatment

Among the 72 patients included in the cohort, 15 patients 
had samples collected only at baseline and were not included 
in further analysis. Meanwhile, in addition to baseline 
samples, 57 patients had samples collected between 1 to  
5 time points throughout the treatment course. Of them, 
41 patients had samples collected at first follow-up, 6 weeks 
from initiating osimertinib treatment. Their best responses 
after 6 weeks of osimertinib therapy were partial response 
in 7 patients (17%, 7/41) and stable disease in 34 patients 
(83%, 34/41). Patients with and without ctDNA clearance at 
first follow-up had comparable best response to osimertinib 
therapy (P=0.438). The median PFS and OS of these 41 
patients were 9.8 months (range, 2.8–18.7 months) and  
14.1 months (range, 6.7–20.1 months), respectively. To 
identify molecular factors that could potentially predict 
response to osimertinib treatment, sequencing data of 
the samples from the first follow-up of 41 patients was 
compared with their corresponding baseline genomic 
profile.

Among the 41 patients, 78.0% (32/41) of the patients had 

https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
https://cdn.amegroups.cn/static/application/9b741657aae5b8109d04eca32228c9c8/tlcr-20-371-1.pdf
https://cdn.amegroups.cn/static/application/9b741657aae5b8109d04eca32228c9c8/tlcr-20-371-1.pdf
https://cdn.amegroups.cn/static/application/9b741657aae5b8109d04eca32228c9c8/tlcr-20-371-1.pdf


330 Ma et al. ctDNA profiling as prognostic tool

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2021;10(1):326-339 | http://dx.doi.org/10.21037/tlcr-20-371

Figure 1 Certain molecular features at baseline including (A) maxAF; (B) AF of EGFR sensitizing mutations; and concurrent alterations 
such as (C) EGFR amplification, (D) copy number amplifications, and genes involved in the (E) cell cycle and (F) TP53 signaling pathway 
are associated with significantly shorter OS. (A,B) Red line represents patients with low (L)-level maxAF or AF (n=20). Green line represents 
patients with medium (M)-level maxAF or AF (n=19). Blue line represents patients with high (H)-level maxAF or AF (n=19). (C,D,E,F) Red 
line represents patients without the indicated concurrent mutation. Blue line represents patients with indicated concurrent mutation. Dotted 
line indicates the median OS. The risk table below illustrates the number of patients included per time point.
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EGFR T790M confirmed by NGS concurrent with either 
EGFR L858R or 19del, the remaining 4 and 5 patients only 
had either EGFR L858R or 19del, respectively. All the 32 
T790M-positive patients lost the T790M at the first follow-
up at 6 weeks post-osimertinib treatment (Figure S2A,B).

Expectedly, a significant decline in the AF of EGFR 
sensitizing mutation (P<0.001, Figure S3A) and maxAF 
(P<0.001, Figure S3B) were observed in a majority of the 
patients (92.7%, 38/41) at first follow-up. The remaining 
3 patients have no detectable change. Of the 38 patients 
with dynamic AF, EGFR sensitizing mutations were lost in 
24 patients; while 14 patients had significant AF reduction 

at first follow-up. Moreover, 20 patients had undetectable 
ctDNA levels at first follow-up, while 18 patients had 
detectable ctDNA, represented by maxAF ranging from 
0.02% to 12.57%. Undetectable ctDNA level or ctDNA 
clearance is defined as having a maxAF of 0.01% or lower 
or the lack of detection of any mutations from the particular 
sample. Among the 18 patients with detectable ctDNA at 
first follow-up, 17 retained their baseline EGFR sensitizing 
mutations, while the remaining 1 patient retained TP53 
mutation (P29). Only two patients were observed to acquire 
new mutations at first follow-up including PIK3CA E545K 
(P24) and KRAS G12V (P42).

https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
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Figure 2 ctDNA clearance at 6 weeks after initiating osimertinib therapy (first follow-up) is associated with significantly longer PFS (A) and 
OS (B) as compared to patients with detectable ctDNA. Red line represents patients without detectable ctDNA at first follow-up (n=21). 
Blue line represents patients with detectable ctDNA at first follow-up (n=17). Dotted line indicates the median PFS or OS. The risk table 
below illustrates the number of patients included per time point.
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Molecular changes during osimertinib treatment correlated 
with survival outcomes

Next, correlation analysis was performed on the sequencing 
data and survival outcomes of the 38 patients to interrogate 
the potential of ctDNA clearance as a marker for predicting 
PFS and OS. Regression analysis revealed that ctDNA 
clearance at first follow-up was correlated with significantly 
longer PFS (12.5 vs. 5.8 months, P=0.022, Figure 2A) and 
OS (NR vs. 13.1 months, P=0.009, Figure 2B). The area 
under the curve (AUC) indicated that a maxAF cut-off of 
0.01% as ctDNA clearance was an independent predictor 
of PFS of >9 months and OS of >12 months (AUC for PFS 
=0.821, sensitivity 81.0%, specificity 77.8%; Figure S4A; 
AUC for OS =0.850, sensitivity 74.1%, specificity 91.7%; 
Figure S4B).

Overall, these data demonstrate the correlation between 
favorable survival outcomes and the reduction of maxAF 
of up to 0.01%, termed as ctDNA clearance. These data 
suggest that ctDNA clearance can potentially serve as 
a predictive and prognostic marker in NSCLC patients 
undergoing osimertinib treatment.

Molecular changes correlated with disease progression

We further evaluated the potential of ctDNA mutation 
profiling in predicting PD at the molecular level. We 
analyzed the mutation profile of 57 patients with plasma 
samples for baseline and several time points during the 

course of osimertinib treatment prior to clinical PD.
Of the 57 patients, 32 patients experienced radiologically-

confirmed PD at a median follow-up of 5.6 months  
(168 days), ranging from 1.3 to 18.3 months (40 to 
550 days). Among them, 34% (11/32) of the patients 
experienced molecular progression (molecular PD) at 
an average lead time of 2.5 months (74 days) prior to 
radiological PD (denoted with triangles in Figure 3). 
Molecular PD is defined as the emergence of acquired 
mutation or increased AF of existing mutations of more 
than 1.5 times from baseline levels. No particular molecular 
signatures reflecting molecular PD were detected in the 
other 21 patients (denoted with squares in Figure 3).  
Figure 3 summarizes the molecular PD status and the best 
response of the 32 patients with radiological PD.

Osimertinib resistance mechanisms

At osimertinib progression, several resistance mechanisms 
emerged. Among the subgroup of patients who had 
radiological PD, a majority of the patients (78.1%, 25/32) 
were T790M-positive at baseline (Figure S5A). Of them, 
80% (20/25) lost the T790M prior to radiological PD 
(Figure S5B) and at the time radiological PD was confirmed 
(Figure S5C). Two of the 5 patients who retained the 
T790M had an increase in AF, while the other 3 patients 
had a reduction in AF of T790M. Acquired mutations 
previously reported as osimertinib resistance mechanism 
(referred to as acquired mutations hereafter) were detected 

https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
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Figure 3 Summary of the molecular PD status and best response of the 32 patients with radiological PD. Swimmer’s plot illustrating the 
detection of molecular PD in 11 patients (P02–P16) and lack of molecular PD in 21 patients (P20–P45) and their best responses with 
osimertinib therapy. X-axis refers to the time point of sample collection. Y-axis refers to the patient number. Triangle denotes the time-point 
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in 19 patients. Of them, resistance mutations were acquired 
during osimertinib treatment in 16 patients, while these 
mutations were detected at baseline in the remaining 3 
patients. Tertiary EGFR mutations including C797S and 
L718Q were acquired by 4 and 1 patients, respectively. 
Acquired mutations in genes involved in bypass pathways 
were also detected from our cohort including BRAF V600E 
(n=1), MET amplification (n=2), MET splice variants 
resulting in exon 14 skipping (n=1), ERBB2 amplification 
(n=2), EML4-ALK fusion (n=1), and KRAS G12D (n=1). In 
addition, acquired RB1 mutations including c.1961-1G>C 
(AF: 6.35%) and p.D604G (AF: 1.02%) were detected from 

a patient each. Acquired TP53 mutations were detected 
from 6 patients, with 2 patients harboring mutations known 
to result in loss of heterozygosity. Moreover, acquired 
PIK3CA mutations were detected from 2 patients before PD 
(Figure S5B) and at PD (Figure S5C). Table 2 summarizes 
the acquired and primary resistance mechanisms detected 
from the cohort at PD from osimertinib treatment. The 
remaining 13 patients had mutations with unknown 
resistance mechanisms; with a majority of these patients 
(84.6%, 11/13) lost the EGFR T790M.

Acquired mutations were detected at one time point 
before radiological PD in 62.5% (10/16) patients, while 6 

https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
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Table 2 Summary of osimertinib resistance mechanism detected in 32 patients

Resistance mechanism EGFR T790M status Mutation status Patient count

EGFR L718Q T790M loss Acquired 1

EGFR C797S T790M maintain (in cis) Acquired 2

EGFR C797S + EML4-ALK fusion + ERBB2 amp T790M maintain (in cis) Acquired 1

EGFR C797S + MET amp T790M maintain (in cis) Primary + acquired 1

BRAF V600E T790M loss Primary 1

BRAF V600E T790M loss Acquired 1

ERBB2 amp T790M loss Acquired 1

ERBB2 amp + PIK3CA E545K T790M loss Primary + acquired 1

KRAS G12V T790M loss Acquired 1

MET exon 14 skipping c.2887+96G>A T790M maintain Acquired 1

MET amp T790M loss Acquired 2

MET amp + TP53 M237I + RB1 c.1961-1G>C T790M loss acquired (TP53 LOH) 1

PIK3CA E545K , Q546P + TP53 H193R T790M loss Acquired 1

TP53 L257V T790M loss Acquired 1

TP53 E286K T790M loss Acquired 1

TP53 E198X + RB1 D604G T790M loss Acquired 1

TP53 Y220C + RB1 V190M, p.V193fs + PTEN T319fs T790M loss Acquired (TP53 LOH) 1

Unknown T790M loss 11

Unknown T790M loss 2

Amp, amplifications; LOH, loss of heterozygosity. 

patients had these mutations detected only at confirmation 
of PD. Interestingly, patients with acquired mutations 
detected prior to PD were more likely to have elevated 
maxAF (P=0.027, Figure S6A) and AF of EGFR sensitizing 
mutations (P=0.031, Figure S6B) prior to radiological PD 
as compared to patients who acquired these mutations later 
at PD. In patients who had acquired mutations detected 
early, both maxAF (P=0.04) and AF of EGFR sensitizing 
mutations (P=0.06) reached their maximum levels prior to 
confirmation of radiological PD. Regardless of whether 
acquired mutations were detected prior to or at PD, 
maxAF and AF of EGFR sensitizing mutations reached 
their maximum level at PD (maxAF, P=0.053; AF of 
EGFRm, P=0.067; Figure S6C,D). These data suggest that 
dynamic molecular changes during treatment, including 
the detection of acquired mutations and the elevation of 
either maxAF or AF of EGFR sensitizing mutations, can be 
detected as early as one time point prior to radiological PD 

and could help predict impending PD.
Moreover, molecular PD were more likely to be detected 

in patients who harbor CNA (P=0.035, Figure 4A), EGFR 
amplification (P=0.002, Figure 4B), or TP53 mutations 
(P=0.023, Figure 4C), whether at baseline or acquired, than 
patients who were wild-type for these alterations, suggesting 
that these alterations are associated with molecular PD.

Overall, these data demonstrate that dynamic molecular 
changes and molecular features derived from serial ctDNA 
profiling can serve as a predictive marker for PD and 
highlights the importance of treatment monitoring in 
identifying molecular changes that enable early prediction 
of PD.

Correlation of acquired mutations with survival outcome

The correlation between the dynamic molecular changes 
observed during treatment progression and the survival 

https://cdn.amegroups.cn/static/public/TLCR-20-371-supplementary.pdf
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of the patients in the cohort were further analyzed. Our 
analysis revealed that patients who acquired multiple 
mutations at PD had significantly longer PFS (P=0.020; 
median PFS of >1 vs. 1 vs. unknown, 9.0 vs. 5.8 vs.  
8.4 months; Figure 5A) but a trend of shorter OS (P=0.380; 
median OS of >1 vs. 1 vs. unknown, 13.5 vs. 14.9 vs. NR 
months; Figure 5B) than those who only acquired one 
mutation in EGFR or other genes, or those with unknown 
mechanism of resistance. Furthermore, retention of 
T790M at PD was associated with a trend of longer PFS, 
with median PFS of 11.0 months (P=0.287; median PFS 
of loss vs. maintain vs. negative, 5.6 vs. 11.0 vs. 5.8 months;  
Figure 5C); however, statistical significance was not reached. 
Meanwhile, T790M status at PD was not associated with 
OS (P=0.924; median OS of loss vs. maintain vs. negative,  
13.1 months vs. NR vs. NR; Figure 5D). Moreover, CNAs 
were acquired by 9 patients at PD. Patients who were detected 
with CNA at PD, whether retained from baseline or acquired 
at PD, commonly had significantly shorter PFS (5.5 vs.  
9.0 months, P=0.002, Figure 5E) and had a trend of shorter 
OS (13.1 months vs. NR, P=0.052, Figure 5F) than those 
without CNA. The CNAs detected from our cohort included 
amplifications in EGFR, MET, ERBB2, MYC, and BRAF.

No correlation was found between survival outcomes and 
early acquisition of mutations prior to radiological PD (PFS, 
P=0.1; OS, P=0.09) and detection of molecular PD (PFS, 
P=0.8; OS, P=0.9).

Taken together, these data demonstrate that serial 
mutation profiling of ctDNA could identify molecular 
factors that could potentially serve as markers to predict 
the prognosis of NSCLC patients undergoing osimertinib 
therapy.

Discussion

As a direct reflection of disease burden, ctDNA is now 
becoming a routine alternative source of tumor DNA for 
mutation detection in cancer diagnosis. When assessed 
longitudinally during the course of treatment, mutation 
profile derived from the longitudinal assessment of ctDNA 
could reflect the dynamic molecular changes occurring 
in response to the treatment and predict an impending 
PD. In our prospective multi-center study, we identified 
molecular factors through serial ctDNA profiling that are 
correlated with survival outcomes of osimertinib-treated 
advanced NSCLC patients. The serial assessment of the 
ctDNA mutation profile during osimertinib treatment not 
only identified baseline molecular features but also reflected 
dynamic molecular trends that correspond to treatment 
response and enable early prediction of PD as early as 
2.5 months prior to radiologically-confirmed PD. The 
significant reduction in AF of EGFR sensitizing mutations 
and ctDNA clearance was associated with treatment 
response. Meanwhile, the emergence of new mutations 
and the increase in the AF of EGFR sensitizing mutations 
and overall maxAF are molecular changes that represent 
the early stages of developing drug resistance. Although 
the growth advantage of certain clones would ultimately 
translate into a clinically detectable PD, radiological 
imaging does not reflect the clonal evolution at the 
molecular level. Hence, the detection of dynamic molecular 
changes thru longitudinal assessment of ctDNA has the 
potential to predict impending disease relapse.

In general, mutations detected from plasma samples are 
the consequence of ctDNA shedding by tumors, which 
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is positively correlated with tumor burden (12). T790M 
positivity evaluated using tissue rebiopsy samples was one 
of the inclusion criteria of our study; however, NGS-based 
molecular profiling of baseline blood samples only revealed 
75% (54/72) concordance between tissue and plasma-based 
genotyping of T790M, indicating that 75% of our cohort 
were ctDNA shedders and 9.7% (7/72) who were T790M 
positive from tissue samples but had no mutation detected 
from ctDNA sample were non-shedders. Meanwhile, the 
remaining 15.3% (11/72) were positive for EGFR L858R 
or 19del but not T790M could also be considered shedders. 
Numerous reports have also observed the lower sensitivity 
in detecting T790M in plasma as compared to tissue 
samples (19,32-36). These observations might be due to the 
intrinsic intratumor heterogeneity, which is attributable to 

the presence of only a small subpopulation of cancer cells 
harboring T790M. Hence, patients who tested negative for 
T790M in plasma-based tests are recommended to have 
tissue-based genotyping for confirmation.

Numerous studies have explored the value of ctDNA 
levels as a prognostic marker and found the significant 
correlation between the level of ctDNA and survival 
outcomes in patients with non-metastatic or metastatic 
colorectal cancer (23,26,37), NSCLC (21,38,39), and 
various solid tumors (20). A study has observed disease 
recurrence in 77% (10/13) of the patients with detectable 
ctDNA levels, wherein ctDNA levels were detected 
preceding radiologic and clinical evidence of recurrence 
by a median of 3 months (23). Meanwhile, 45 patients 
with undetectable ctDNA levels during follow-up were 
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recurrence-free (23). Moreover, high levels of cell-free 
DNA and the presence of ctDNA was demonstrated to be 
associated with significantly inferior OS (20). Consistently, 
in our cohort, detectable ctDNA (with maxAF of at least 
0.2%) during follow-up after 6 weeks from initiating 
osimertinib therapy was associated with significantly shorter 
PFS (P=0.022) and OS (P=0.009). In addition to ctDNA 
levels as a potential prognostic biomarker, certain molecular 
factors at baseline could be putative prognostic biomarkers. 
Our analysis revealed that EGFR sensitizing mutations 
with AF greater than 11%, overall maxAF greater than 
11%, and the detection of concurrent gene amplifications 
at baseline was significantly correlated with poor survival 
outcome in our cohort. We speculate that this is due to the 
genetic constitution of the tumor, wherein the abundance 
of the inhibitor sensitizing mutations could reflect the 
major oncogenic driver that is responsive to inhibition, 
which clinically results in improved response and survival 
outcome. Interestingly, a recent study having a similar 
study cohort as ours has reported that higher levels of 
EGFR activating mutations at baseline are also associated 
with poor outcomes in osimertinib-treated advanced 
NSCLC patients (36). Moreover, they also reported that 
the clearance of mutations in plasma ctDNA is correlated 
with better survival outcomes consistent with other reports 
(18,36,40,41).

In addition to providing prognostic information, the 
serial profiling of ctDNA could also provide a snapshot of 
the dynamic molecular changes that could inform treatment 
efficacy and enable prediction of an impending PD (41). 
Consistent with previous findings on the AF reduction 
of EGFR sensitizing mutations in response to EGFR-
TKI treatment (19,39), the significant reduction in the 
AF of EGFR sensitizing mutation (P<0.001) and maxAF 
(P<0.001) were observed in our cohort at first follow-
up within 6 weeks of osimertinib therapy. Molecular 
mechanisms associated with osimertinib resistance have 
already been well-elucidated (35,42,43). Consistent with 
these studies, various acquired mutations were detected in 
our cohort. Interestingly, the detection of these acquired 
mutations, even as early as 2.5 months prior to clinical 
PD, could enable the early prediction of PD. In addition 
to the emergence of acquired mutations, the elevation 
of AF of existing mutations such as EGFR sensitizing 
mutations, which contributes to the increase of overall 
maxAF to more than 1.5 times from baseline, are molecular 
changes that can be detected early and potentially allow 
the prediction of an impending PD. Interestingly, certain 

molecular alterations, including CNA (P=0.035), EGFR 
amplification (P=0.002), or TP53 mutations (P=0.023) were 
also significantly associated with the detection of molecular 
PD. The detection of these mutations in the ctDNA during 
treatment monitoring can guide subsequent treatment 
decisions.

Despite our interesting findings, our analysis is limited 
by the number of patients with longitudinal samples. A 
larger cohort is required to extend our findings. Moreover, 
since our present study focused only on the utility of 
plasma-based serial profiling in monitoring treatment 
responses, histological transformations observed in some 
patients in the cohort were not included in this study. It 
would be interesting to explore this mechanism of resistance 
particularly in patients who have unknown resistance 
mechanisms and in patients who were non-shedders.

In conclusion, our study identified various molecular 
features at baseline and dynamic molecular changes during 
treatment progression, which can serve as predictive and 
prognostic markers for NSCLC patients undergoing 
osimertinib therapy. Our study also highlights the clinical 
utility of serial ctDNA profiling to monitor dynamic 
molecular changes in ctDNA for the early detection of PD, 
which can precede imaging modalities with an average lead 
time of 2.5 months. Our study contributes to the growing 
evidence of the utility of longitudinal ctDNA profiling in 
the early detection of PD to improve the survival outcomes 
of patients with EGFR-mutant NSCLC.
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