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Summary
Background: To determine if circulating tumor DNA (ct-DNA) dynamics of epidermal growth 
factor receptor (EGFR) mutation in plasma can identify a subset of patients with EGFR-mutant 
(EGFR- m) non-small cell lung cancer (NSCLC) with inferior survival outcomes, we analyzed and 
compared survival outcomes among patients with and without baseline presence and early 
clearance of EGFR ct-DNA in plasma. Material and methods: For 66 patients newly dia gnosed 
with EGFR- m NSCLC, plasma samples were collected at baseline and 1st response assessment 
at 12–24 weeks for extraction of ct-DNA. Estimation of ct-DNA (EGFR exons 18, 19, 20 and 21) 
was done using droplet digital polymerase chain reaction (dd-PCR) on the QX200 ddPCR sys-
tem (BioRad, USA). Patients with detectable EGFR ct-DNA at baseline (sample 1), with either 
undetectable or persistent detectable ct-DNA in sample 2 were classified as clearers and non-
-clearers, respectively. Results: Fifty-three patients received 1st/ 2nd generation EGFR tyrosine 
kinase inhibitors (TKIs) and 13 received either 3rd generation TKI (osimertinib) or chemotherapy 
plus gefitinib. The baseline ct-DNA-positive group had more patients with extra thoracic di-
sease (60.4 vs. 48.5%). For the entire cohort, there was no difference in median progression-free 
survival (PFS) among baseline ct-DNA-negative (13.57 months) vs. ct-DNA-positive patients 
(12.32 months) (HR 0.74). There was a significant improvement of PFS among early ct-DNA 
clearers vs. non-clearers (12.32 vs. 9.92 months; HR 0.57). For those treated with 1st/ 2nd genera-
tion EGFR TKIs, this improvement in median PFS among early ct-DNA clearers vs. non-clearers 
was more apparent (11.76 vs. 6.8 months; HR 0.34). Conclusions: Baseline detection of the pre-
sence of ct-DNA of EGFR mutation in plasma was not predictive of first-line PFS, but is associa-
ted with extra thoracic disease. Patients with EGFR mutation and persistence of ct-DNA at first 
follow-up have worse PFS and overall survival (OS) in comparison to those clearing the same in 
plasma, especially among those treated with 1st/ 2nd generation EGFR TKIs.
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Introduction
The therapeutic landscape of first-line 
management of advanced non-small-cell 
lung cancer (NSCLC) with a driver muta-
tion in the epidermal growth factor recep-
tor (EGFR) now ranges from EGFR tyro sine 
kinase inhibitors (TKIs), a combination of 
chemotherapy with 1st generation EGFR 
TKIs, EGFR TKIs  +  vascular endothelial 
growth factor (VEGF) inhibitors (bevaci-
zumab/  ramucirumab) to chemo-immu-
notherapy  [1–3]. Patients treated with 
1st/2nd generation EGFR TKIs eventually 
develop resistance and progress within 
9–12  months of treatment, a  large per-
centage of which is attributed to the ac-
quired mutant T790M [2]. Though testing 
systems to detect T790M are readily avail-
able, a significant proportion of patients 
may not receive second or subsequent 
lines of systemic therapy in the real world; 
more so in low middle income countries 
(LMIC)  [1,4,5]. It is also well established 
that first-line chemotherapy  + TKI com-
binations show an overall survival (OS) 
benefit and are feasible in the LMIC set-
ting, though this option is associated with 
three-weekly hospital visits, higher toxicity 
when compared to TKIs alone, and is also 
beset by the relative dearth of information 
regarding the patterns of resistance that 
emerge while on treatment [1,6].

The initial use of detection of the 
presence of EGFR mutation in the ct- 

-DNA in plasma was limited to the de-
tection of the presence of resistant mu-
tations (mostly T790M). With the arrival 
of newer and more sensitive techniques 
like the digital droplet polymerase chain 
reaction (ddPCR), the detection of the 
presence of various EGFR mutants in ct- 
-DNA in blood and their quantification 
in the form of mutant allele frequency 
(MAF), is feasible, with prior reports cor-
relating baseline presence of ct-DNA in 
blood with poorer survival outcomes [7–
11]. The ddPCR platform not only detects 
the presence of T790M mutation (both 
at baseline and progression) but also en-
ables its quantification in the form of 
MAF; MAF-based longitudinal monitor-
ing in the T790M mutant population has 
helped predict clinical outcomes in the 
second line setting [7,11–13]. 

In addition, there is emerging informa-
tion with respect to the correlation be-
tween the baseline presence and early 
clearance of ct-DNA of EGFR mutation in 
plasma to survival outcomes among pa-
tients treated with EGFR TKIs in the first-
line setting  [10,11,14–18] These data 
thus point towards the utility of early ct-
-DNA clearance as a prognostic indicator 
in the management of these patients.

Our study is an initial analysis of a lon-
gitudinal analysis of ct-DNA dynam-
ics among patients with EGFR-mutant 
(EGFR- m) NSCLC treated in the first-

line and aimed to determine whether 
baseline detection and early clearance 
of ct-DNA of EGFR mutation in plasma 
(using dd-PCR) correlated with survival 
outcomes. 

Materials and methods
Study setting
This prospective single centre cohort 
study was carried out at a teaching hos-
pital in South India. We enrolled all con-
secutive newly dia gnosed cases of ad-
vanced EGFR- m NSCLC, who were 
treated in the first line between August 
2018 and November 2020.

Patient selection
This is an initial report of a prospective 
study designed to assess the role of se-
rial longitudinal monitoring of plasma 
ct-DNA among all patients with EGFR- m 
NSCLC, commencing first-line treatment 
with 1st/ 2nd generation EGFR TKI. How - 
ever, after the emergence of practice 
changing data supporting the use of both 
osimertinib and chemotherapy  +  gefi-
tinib combination as first-line treatments, 
we included these patients, too. 

All patients with newly dia gnosed, his-
tologically proven EGFR-m (exon 18, 19, 
20  or 21  mutation) NSCLC-adenocarci-
noma (stage IIIB or IV), aged ≥ 18 years, 
with Eastern Cooperative Oncology 
Group (ECOG) performance status 0–2, 

Souhrn
Východiska: Abychom stanovili, zda dynamika cirkulující nádorové DNA (circulating tumor DNA – ct-DNA) pro mutaci receptoru pro epider-
mální růstový faktor (epidermal growth factor receptor – EGFR) v plazmě může identifikovat podsoubor pacientů s EGFR-mutovaným (EGFR- m) 
nemalobuněčným karcinomem plic (non-small cell lung cancer – NSCLC) s horšími výsledky přežití, analyzovali a srovnali jsme přežití pacientů 
s časnou clearance ct-DNA EGFR v plazmě při baseline a přežití pacientů bez časné clearance ct-DNA. Materiál a metody: U 66 pacientů s nově 
dia gnostikovaným EGFR- m NSCLC byly kvůli extrakci ct-DNA odebrány vzorky plazmy při baseline a v době prvního hodnocení odpovědi na 
léčbu za 12–24 týdnů. Stanovení ct-DNA (EGFR exony 18, 19, 20 a 21) bylo provedeno pomocí kapkové digitální polymerázové řetězové reakce 
na systému QX200 ddPCR (BioRad, USA). Pacienti s detekovatelnou EGFR ct-DNA při baseline (vzorek 1) a buď s nedetekovatelnou nebo stále 
detekovatelnou ct-DNA ve vzorku 2 byli klasifikováni jako „clearers“ nebo „non-clearers“. Výsledky: Padesát tři pacientů dostávalo EGFR inhibitory 
tyrozinkinázy (tyrosine kinase inhibitors – TKIs) první nebo druhé generace a 13 pacientů dostávalo buď TKI třetí generace (osimertinib) nebo 
chemoterapii plus gefitinib. Ve skupině s pozitivní ct-DNA při baseline bylo více pacientů s mimohrudním onemocněním (60,4 vs. 48,5 %). V celé 
kohortě nebyl rozdíl v mediánu přežití bez progrese (progression-free survival – PFS) mezi pacienty s negativní ct-DNA při baseline (13,57 měsíce) 
a pacienty s pozitivní ct-DNA (12,32 měsíce) (HR 0,74). V PFS bylo zaznamenáno výrazné zlepšení u pacientů s časnou clearance ct-DNA oproti 
pacientům bez této clearance (12,32 vs. 9,92 měsíce; HR 0,57). U pacientů léčených EGFR TKI první nebo druhé generace bylo zlepšení v mediánu 
PFS u pacientů s časnou clearance patrnější oproti pacientům bez této clearance (11,76 vs. 6,8 měsíce; HR 0,34). Závěr: Detekce přítomnosti ct-
-DNA pro mutaci EGFR v plazmě neměla z hlediska PFS po léčbě v první linii prediktivní význam, ale byla spojena s výskytem mimohrudního 
onemocnění. Pacienti s mutací EGFR a přetrvávající výskytem ct-DNA při prvním kontrolním vyšetření mají horší PFS a celkové přežití oproti 
pacientům, u kterých byla zaznamenána clearance ct-DNA z plazmy, což se týká zejména pacientů léčených EGFR TKI první nebo druhé generace. 

Klíčová slova
pokročilý nemalobuněčný karcinom plic – mutace EGFR – ct-DNA – frekvence mutovaných alel – EGFR inhibitory tyrozinkinázy
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follow-up. All patients with EGFR-m 
NSCLC were treated with 1st/ 2nd gener-
ation EGFR TKIs (gefitinib, erlotinib or 
afatinib), 3rd generation TKI (osimerti-
nib) or chemotherapy (pemetrexed and 
carboplatin)  + TKI (gefitinib) combina-
tion. Dose modifications were done as 
per standard clinical practice and first-
line treatment was continued till either 
disease progression or unacceptable 
toxicity. Patients underwent reassess-
ment with contrast enhanced CT of 
the thorax at their first follow-up visit, 
3–4 months from the start of their first-
line treatment. Details at progression 
were also noted, including the presence 
of T790M mutation. Following disease 
progression, data for OS analysis were 
still collected; by review of outpatient re-
cords or by telephonic follow-up.

Efficacy assessments 
Our primary and secondary endpoints 
were progression free survival (PFS) 
and OS, respectively. These were further 
compared among patients with ct-DNA 
positive vs. negative at baseline and 
also among clearers vs. non-clearers. Re-
sponse Evaluation Criteria in Solid Tu-
mours (RECIST), version 1.1, were used to 
assess patients’ response to treatment.

Statistical analysis
The data were entered in Epi Info Ver-
sion 7.2.3.1 and analyzed on Statistical 
Package for the Social Sciences (SPSS), 
version 21. Graphs were plotted using 
RStudio Version 1.3.1093; R version 4.0.0. 
Categorical variables were compared 
using the chi square and Fisher’s exact 
tests. Survival analysis was done using 
the Kaplan-Meier method, and com-
parison between groups using the Cox-
-Mantel log-rank test. PFS was calculated 
from the date of initiation of first-line 
treatment to the date of progression 
or death. OS was calculated from the 
date of dia gnosis of advanced NSCLC 
to the date of the last follow-up or  
death. 

Results
Patients 
We recruited 66  patients in the study 
(Scheme 1). The demographics and clin-
ical characteristics are summarised in 

nologies, USA), the 260/ 280 ratio was 
determined and used for EGFR muta-
tional analysis by ddPCR.

B)  Blood: Ten mL of peripheral venous 
blood was collected in PAXgene blood 
cf-DNA tube (QIAGEN, India). Briefly, 
the tube was centrifuged at 1,900 g 
for 15  min at room temperature, the 
plasma was removed into another con-
ical tube and frozen at −800  °C until 
further use. Cell-free DNA (cf-DNA) was 
extracted from plasma using the Quick 
cf-DNA serum and plasma kit (Zymo 
research, USA) and the DNA was stored 
at −200 °C until further use. 

C)  Droplet digital PCR (ddPCR): Drop-
let digital PCR was performed on the 
QX200  ddPCR system (BioRad, USA) 
using the prime PCR assays for de-
tection of mutants including E746-
A750 deletion, L858R, and T790M (Bio-
Rad, USA). The cycling conditions for 
PCR included an initial incubation at 
95 °C for 10 min, followed by 40 cycles 
of 94 °C for 30 s and 55 °C for 60 s and 
final enzyme inactivation at 98  °C for 
10 min. The digital PCR data was ana-
lyzed using the Quanta Soft analytical 
software package version 1.3.2.0 (Bio-
Rad, USA). The baseline tissue, base-
line plasma sample and all subse-
quent plasma samples were analyzed 
by ddPCR. The data generated were 
expressed as copies of target/ mi-
croliter (copies/ μL). The concentra-
tion was calculated using the formula:  
−ln (Nneg/ N)/ Vdroplet, where Vdroplet  = vo-
lume of droplet, Nneg = number of neg-
ative droplets, N  =  total number of 
droplets and E = observed fraction of 
droplets. During standardization, DNA 
from NCI-H1975  (harbouring T790M) 
was serially diluted in human reference 
genomic DNA (catalogue no. G1471, 
Promega) to achieve decreasing ratios 
(from 1 : 100 to 1 : 10,000) helping to de-
termine the sensitivity of the assay. In all 
subsequent runs, the same human ref-
erence genomic DNA was also included 
as a negative control. 

Clinical parameters
We collected information on patient de-
mographics, smoking status, staging, 
disease extent, details of treatment in-
cluding date of initiation and periodic 

planned for the treatment with EGFR 
TKIs or chemo therapy + EGFR TKI combi-
nation, were enrolled. Written informed 
consent was obtained from all patients. 
Patients who did not have a  baseline 
blood sample, received palliative radio-
therapy to the primary mass prior to the 
start of TKI or harbored a de novo T790M 
mutation detected during routine base-
line evaluation were excluded. The study 
was approved by the Institutional Re-
view Board (IRB) of the Christian Medical 
College, Vellore (IRB Min No 10452 dated 
14/ 12/ 2016).

Sample collection 
At baseline, EGFR mutational analysis 
was performed on formalin-fixed par-
affin embedded tissues (FFPE) sections. 
Following confirmation of EGFR muta-
tion in tissue, after obtaining informed 
consent, the first blood sample (Sam-
ple 1- baseline) was collected prior to 
initiation of first-line treatment. The 
next blood sample (Sample 2) was col-
lected at the next follow-up, between 
3–4  months from initiation of first-line 
treatment. Since a large number of our 
patients travel from other states for 
treatment at our centre and since pa-
tients recruited in 2020 could not report 
at 3–4  months for their first reassess-
ment due to the COVID pandemic, we in-
cluded those reporting up to 6 months 
from dia gnosis for assessment of the 
second sample (Sample 2) for analysis 
for early clearance of ct-DNA of EGFR 
mutation in plasma. Patients with a de-
tectable EGFR ct-DNA in plasma at base-
line, which became undetectable in the 
second sample were classified as clear-
ers while those in whom the EGFR ct-
-DNA was persistently detectable in 
the second sample were classified as 
non-clearers. 

Molecular testing for EGFR-technique
A)  DNA extraction from tissue: Forma-

lin fixed paraffin embedded (FFPE) 
blocks were examined and the area 
with maximum tumor cellularity was 
identified. Extraction was performed 
with 3–4  5-µm sections using the 
DNA FFPE tissue extraction kit (Qia-
gen India). The DNA was quantitated 
using the Nanodrop (NanoDrop tech-
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with 1st/ 2nd generation EGFR TKI. The me-
dian PFS among the 13 patients treated 
with osimertinib/  chemotherapy  + TKI 
combination was 26.35 months (95% CI 
15.77–36.93). 

PFS analysis based on baseline EGFR  
ct-DNA in plasma and its early clearance 
at first follow-up (entire cohort, N = 66)
For the entire cohort, there was no sig-
nificant difference in the PFS, based 
on baseline ct-DNA detection (Tab.  2, 
Fig. 1A). Among 33 patients with initially 
detectable ct-DNA, 26  provided a  sec-
ond sample; 17 demonstrated clearance 
of the EGFR mutation at first follow-up. 
On comparison of median PFS among 
the clearers (median 12.32  months; 
95% CI 9.63–15.01) vs. non-clearers (me-
dian 9.92  months; 95% CI 3.32–16.52) 
(HR 0.57; 95% CI 0.22–1.44), there was 
a trend towards better PFS in the group 
who cleared the plasma ct-DNA at their 
first follow-up (Tab. 2, Fig. 2A).

PFS analysis based on baseline EGFR  
ct-DNA in plasma and its early clearance 
at first follow-up (patients treated with  
1st/ 2nd generation TKI, N = 53)
Restricting the PFS analysis to the 53 pa-
tients treated with 1st/ 2nd generation EGFR 
TKI, the median PFS was 11.57  months 
(95% CI 9.92–13.21). Twenty-nine pa-
tients with detectable ct-DNA at baseline 
were treated with 1st/ 2nd generation TKI. 

ct-DNA negative at baseline. A  higher 
proportion of patients in the baseline 
ct-DNA positive group had extra tho-
racic disease (60.4%) in contrast to those 
who were ct-DNA negative at baseline 
(48.5%). The overall response rates were 
93.9% and 81.8% in the ct-DNA posi-
tive and ct-DNA negative cohorts, re-
spectively. Response assessment was 
not available in 6 (18.2%) patients in the 
ct-DNA negative cohort. The proportion 
of non-smokers were equal in the two 
groups (baseline ct-DNA positive vs. ct-
-DNA negative). 

ct-DNA clearance in second sample 
The median time to the second sam-
ple (Sample 2) was 3.45 months (inter-
quartile range – IQR 2.99–4.60) among 
47  (60.7%) patients who gave the sec-
ond plasma sample. Among 33  pa-
tients with initially detectable ct-DNA, 
26 provided a second sample; 17 dem-
onstrated clearance of the EGFR mu-
tation at first follow-up (Scheme 1). 
With the MAF cutoff > 0.1%, 9 patients 
(34.6%) had persistent detectable ct- 
-DNA in the plasma and were classified as  
non-clearers.

PFS analysis
The median PFS for the entire cohort 
was 12.65 months (95% CI 10.51–14.79) 
and 11.57 months (95% CI 9.92–13.21) 
for the 53  patients who were treated 

Tab. 1. The median age at dia gnosis was 
57  years (range 31–85). Three patients 
(4.5%) had oligometastatic disease. 
De  novo brain metastases were pre-
sent in 7  (10.6%) patients. Extra tho-
racic disease involvement was seen in 
36  (54.5%) patients and 6  (9.1%) pa-
tients had ≥ 2 sites of extra thoracic in-
volvement. Forty-nine (74.2%) patients 
were treated with 1st generation EGFR 
TKI (gefitinib/ erlotinib), 4 (6%) with sec-
ond generation TKI (afatinib), 12 (17.9%) 
with 3rd generation TKI (osimertinib) and 
1  (1.5%) was treated with chemother-
apy  +  TKI (carboplatin  +  pemetrexed) 
with gefitinib. The median follow-up was 
13.8 months (range 1–31.44).

Baseline plasma ct-DNA detection  
of EGFR exon 19/ 21 
At dia gnosis, 33 (50%) patients had a de-
tectable ct-DNA in plasma (based on the 
MAF cutoff 0.1%). This cutoff was used as 
this was the documented lower limit of 
detection for the dd-PCR assay. Thus, the 
concordance between the tissue and liq-
uid bio psy for the detection of EGFR mu-
tation on dd-PCR was 50% (33 out of 66). 

Correlation of baseline ct-DNA 
detection in plasma with baseline 
characteristics, disease burden and 
response rates 
This is highlighted in Tab. 1. All three pa-
tients with oligometastatic disease were 

Scheme 1. STROBE diagram for study population.
STROBE – strengthening the reporting of observational studies in epidemiology.

Total number of patients (N = 66)

baseline ct-DNA+  
(N = 33)Baseline sample

clearers 
(N = 17)

ct-DNA clearance:
first follow-up

non-clearers  
(N = 9)

baseline ct-DNA+
AND

provided 2nd sample
(N = 26)

baseline sample ct-DNA-  
(N = 33)
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Tab. 1. Baseline characteristics (N = 66).   

Clinical characteristics N = 66 ct-DNA positive
(N = 33)

N (%/ range)

ct-DNA negative
(N = 33)

N (%/range)

Median age in years (range) 57 (31–85) 56 (32–74) 60 (31–85)

Sex
male
female

40 (60.6)
26 (39.4)

17 (51.5)
16 (48.65)

23 (69.7)
10 (30.3)

Smoking history
never smoker
former smoker

55 (83.3)
11 (16.7)

27 (81.8)
6 (18.2)

28 (84.8)
5 (15.2)

ECOG performance status
1
2
3

50 (75.8)
13 (19.7)

3 (4.5)

27 (81.8)
5 (15.2)

1 (3)

23 (69.7)
8 (24.2)
2 (6.1)

Stage at diagnosis
IIIC
IVA
IVB

2 (3)
28 (42.4)
36 (54.5)

1 (3)
12 (36.4)
20 (60.6)

1 (3.0)
16 (48.5)
16 (48.5)

Oligometastatic disease (< 4 metastatic sites) 3 (4.5) 0 3 (9.1)

Sites of metastases
brain
liver
contralateral lung 
bone
adrenal
pleural effusion

7(10.6)
3(4.5)

34 (51.5)
24 (36.4)

3 (4.5)
30 (45.5)

3 (9.1)
2 (6.7)

17 (51.5)
12 (36.4)

3 (9.1)
19 (57.6)

4 (12.1)
1 (3.0)

17 (51.5)
12 (36.4)

0
11 (33.3)

Histology
adenocarcinoma
adenosqamous
mucin secreting adenocarcinoma
lepidic
others

51 (77.3)
2 (3)

6 (9.1)
5(7.6)
2 (3)

23 (69.7)
0

4 (12.1)
4 (12.1)
2 (6.1)

28 (84.8)
2 (6.1)
2 (6.1)
1 (3.0)

0

EGFR mutation
exon 19 (del 19)
exon 21 (L858R)
uncommon EGFR mutation (exons 18 or 20)

47 (71.2)
18 (27.3)

1 (1.5)

23 (69.7)
10 (30.3)

0

24 (72.7)
8 (24.2)
1 (3.0)

First-line treatment
1st/2nd generation TKI

gefitinib/ erlotinib
afatinib

Intensive approach
3rd generation TKI (osimertinib)
chemotherapy + gefitinib

53 (80.3)
4 (6.1)

12 (18.2)
1 (1.5)

29 (87.9)
2 (6.1)

4 (12.1)
0

24 (72.7)
2 (6.1)

8 (24.2)
1 (3.0)

Best documented response to first-line treatment
complete response
parcial response
stable disease
not done

2 (3)
56 (84.8)

1 (1.5)
7 (10.6)

1 (3.0)
30 (90.9)

1 (3)
1 (3)

1 (3.0)
26 (78.8)

0
6 (18.2)

Median MAF at baseline (in %) 0.06 (0–51.60) 4 (0.12–51.60) NA

Median follow up in months (range) 13.8 (1–31.44) 15.54 (2.79–29.1) 12.32 (1–31.44)

ct-DNA – circulating tumor DNA, ECOG – Eastern Cooperative Oncology Group, EGFR – epidermal growth factor receptor,  
MAF – mutant allele frequency, NA – not achieved, TKI – tyrosine kinase inhibitor
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Fig. 1. Progression free survival as per baseline ct-DNA. A) All patients (N = 66); B) patients on 1st/2nd generation TKI (N = 53).
ct-DNA – circulating tumor DNA
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95% CI 14.78–34.04) vs. non-clear-
ers (median 21.4 months; 95% CI 7.25–
35.59; P  =  0.110, HR 0.36  (0.09–1.34)  
(Tab. 2).

OS analysis based on baseline  
ct-DNA and clearance at first  
follow-up (patients treated with 
1st/ 2nd generation TKI, N = 53)
For the patients treated with 1st/ 2nd gen-
eration EGFR TKI, the median OS was 
21.98  months (95% CI 15.87–28.10). 
There was a trend towards an improved 
OS for patients who were ct-DNA nega-
tive at baseline (Tab. 3). Also, a trend to-
wards improved median OS for ct-DNA 
clearers (24.4  months) vs. non-clearers 
(16.6 months) (P = 0.045, HR 0.25; 95% CI 
0.06–1.07) was seen in this subgroup of 
patients (Tab. 3).

OS analysis based on baseline ct-DNA 
detection and clearance at first follow-up 
(entire cohort, N = 66)
The median OS of all patients was not 
reached. The median OS among patients 
treated with 1st/ 2nd generation EGFR TKIs, 
was lower (21.98 months; 95% CI 15.87–
28.10) than those who were treated 
with either osimertinib or chemo - 
therapy/ TKI combination (not reached; 
P  =  0.03, HR 0.15; 95% CI 0.02–1.09). 
A  similar trend towards an inferior OS 
was seen in patients with ct-DNA posi-
tivity at baseline (21.97 months; 95% CI 
17.71–26.25) in contrast with those who 
were ct-DNA negative at baseline (me-
dian OS NR, P = 0.584, HR 0.78; 95% CI 
0.31–1.93) (Tab.  2). There was no sig-
nificant difference in OS among ct- 
-DNA clearers (median: 24.41  months; 

There was no significant difference in PFS 
with respect to baseline ct-DNA positivity 
(Fig. 1B, Tab. 3). Out of 29 patients treated 
with 1st/ 2nd generation TKI and with de-
tectable ct-DNA at baseline, 22 patients 
gave a second sample. Here, among the 
14  clearers, we noted a  trend towards 
an improved PFS (12.04 months; 95% CI 
10.12–NR), in comparison to the 8 non-
clearers (PFS 6.80 months; 95% CI 4.46–
NR) (HR 0.34; 95% CI 1.03–8.38) (Tab. 3, 
Fig. 2B).

OS analysis
At data cutoff, 21 (31.8%) patients were 
still continuing first-line treatment. 
Eighteen (27.3%) were alive on subse-
quent lines of treatment and 8 (12.1%) 
were on 1st line TKI beyond radiological 
progression. 

Tab. 2. Median PFS and OS as per baseline ct-DNA detection and ct-DNA clearance (all patients, N = 66).  

Population Median PFS in 
months (95% CI)

P HR (95% CI) Median OS P HR (95% CI)

All patients (N = 66) 12.65 (10.51–14.79) – 1 NR

Treatment received:
others ( N = 13)
1st/2nd generation TKI (N = 53)

26.35 (15.77–36.93)
11.56 (9.92–13.20)

0.001 0.18 (0.05–0.58)
NR

21.98 months 
(15.87–28.10)

0.03 0.145 
(0.02–1.09)

ct-DNA negative (N = 33)
ct-DNA positive (N = 33)

13.57 (7.33–19.80)
12.32 (10.84–13.80)

0.332 0.74 (0.40–1.36) NR
21.97 (17.71–26.25)

0.584 0.78 
(0.31–1.93)

ct-DNA clearer (N = 17)
ct-DNA non-clearer (N = 9)

12.32 (9.63–15.01)
9.92 (3.32–16.52)

0.229 0.566 (0.222–1.44) 24.41 (19.25–NA)
21.42 (8.38–NA)

0.127 0.356 
(0.75–10.57)

ct-DNA – circulating tumor DNA, NA – not achieved, NR – not reported, OS – overall survival, PFS – progression-free survival,  
TKI – tyrosine kinase inhibitor

Tab. 3. Median PFS and OS as per baseline ct-DNA detection and ct-DNA clearance among patients treated with 1st/2nd genera-
tion EGFR TKI (N = 53). 

Median PFS in 
months (95% CI)

P HR (95% CI) Median OS P HR ( 95% CI)

All patients (N = 53) 11.49 (10.11–13.47) – – 21.98 (15.87–28.10) – –

ct-DNA negative (N = 24)
ct-DNA positive (N = 29)

10.97 (8.42–13.52)
11.76 (10.21–13.31)

0.595 1.19 (0.43–1.61) NR
21.42 (18.83–NA)

0.538 0.752 ( 0.31–1.85)

ct-DNA clearer (N = 14)
ct-DNA non-clearer (N = 8)

12.04 (10.12–NA)
6.80 (4.46–NA)

0.03 0.339 (1.03–8.38) 24.41 (18.82–NA)
16.66 (8.37–NA)

0.045 0.254 (0.93–1.62)

ct-DNA – circulating tumor DNA, EGFR – epidermal growth factor receptor, MAF – mutant allele frequency, NA – not achieved,  
NR – not reported, TKI – tyrosine kinase inhibitor      
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Fig. 2. Progression free survival based on ct-DNA clearance. A) All patients (N = 26); B) patients on 1st/2nd generation TKI (N = 22).
ct-DNA – circulating tumor DNA
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higher risk of early progression and may 
hence benefit from escalation or intensi-
fication of therapy; with either the addi-
tion of chemotherapy to 1st generation 
TKI or switching to osimertinib. Such an 
approach will then require prospective 
evaluation in the form of a randomized 
clinical trial comparing continuation of 
standard treatment vs. treatment es-
calation among patients who are per-
sistently ct-DNA positive (ct-DNA non-
clearers) at first follow-up. This has 
tremendous implications for treatment 
of EGFR- m NSCLC in the LMIC setting 
where a  higher proportion of patients 
present with advanced disease, extra 
thoracic involvement, are more likely 
to be treated with 1st or 2nd generation 
EGFR TKIs and may not end up receiving 
later lines of treatment at progression.

Our rates of T790M mutation at pro-
gression are lower than previous co-
horts due to two crucial factors: a) a sig-
nificant proportion of our patients are 
still on 1st line treatment and b) fewer 
patients were able to undergo molecu-
lar testing upon progression due to the 
COVID-19 pandemic. 

To our knowledge, ours is one of the 
very few studies of longitudinal moni-
toring and ct-DNA dynamics of EGFR- m 
NSCLC in the first-line setting, using the 
dd-PCR testing platform. The majority 
of data that exists is based on findings 
shown using allele specific PCR [8,10,14]. 
Using the ultra-sensitive dd-PCR plat-
form allows for detection of low quanti-
ties of ct-DNA and its quantification by 
MAF and in turn correlation of various 
MAF cutoffs with survival outcomes [11]. 
We did not study this correlation be-
tween various MAF cutoff and survival 
outcomes in our cohort as the number 
of patients with ct-DNA persistence was 
only nine and we would not be able to 
draw meaningful conclusions due to the 
small number. Li et al. have studied this 
using a ‘targeted’ NGS panel and have 
also demonstrated similar findings cor-
relating ct-DNA clearance and survival 
outcomes [16]. 

Our study is not without limitations. 
Though we initially planned to include 
only patients treated with 1st/ 2nd gener-
ation EGFR TKIs, we had to include pa-
tients who were started on first-line 

contrast to other studies where per-
centages as high as 81% have been de-
scribed, though a fair number have also 
reported lower concordance as seen in 
our study [8,14,19–21]. 

In our cohort, the presence of detect-
able ct-DNA in plasma at baseline corre-
lated with increasing disease stage (IVB 
vs. others) and number of extra tho-
racic metastases. These are well estab-
lished as poor prognostic factors for sur-
vival outcomes among patients who 
are treated with 1st/ 2nd generation EGFR 
TKIs [5,13,17]. 

This study failed to demonstrate 
that the presence of detectable ct- 
-DNA in plasma at baseline is a  nega-
tive prognostic factor which is predic-
tive of inferior survival outcomes (OS 
and PFS) among our cohort of patients 
with EGFR- m NSCLC. This is in contrast 
to prior studies (using 1st/ 2nd genera-
tion TKIs and osimertinib) which have 
shown an improvement in PFS among 
patients who are baseline ct-DNA neg-
ative in comparison to those who are ct-
-DNA positive at baseline [10,15,17,18]. 
Further, the largest database in this re-
gard, i.e. a recent meta-analysis by Phan 
et al. has shown that the presence of 
EGFR mutation in pre treatment plasma 
was associated with a  shorter PFS and 
OS. [17] The exact reason behind this dif-
ference in outcome between our cohort 
and prior datasets is unclear and could 
be attributable to the smaller number of 
patients in our study. 

Importantly, we demonstrated an im-
provement in PFS and OS among ct-
-DNA clearers vs. non-clearers at first 
follow-up, consistent with similar prior 
studies [10,11,14–18,20]. The meta-anal-
ysis by Phan et al. was also in keeping 
with this finding and showed worse PFS 
and OS in patients with persistent EGFR 
mutation in plasma post-treatment. This 
finding is similar across all studies ir-
respective of the testing platform and 
treatments used [10,14,15,17].

There is an immediate need to pro-
spectively validate these findings in 
a  larger cohort of patients who have 
a  detectable ct-DNA at baseline. This 
may have clinical implications with re-
gard to identification of a subset of pa-
tients with EGFR- m NSCLC who are at 

T790M incidence at progression and 
second-line treatment
There were no patients with de novo 
T790M mutation at dia gnosis. Among 
66  patients, 43  had a  PFS event (ei-
ther death or progressive disease) and 
20 (46.5%) underwent mutation testing 
(either on liquid bio psy; N = 19, or tissue 
bio psy; N = 1) at progression. T790M mu-
tation at progression was documented 
in 9 (16.9%) out of 53 patients on 1st/ 2nd 
generation TKI. Among these, 3  were 
detected during serial plasma samples; 
while on first-line therapy and the ap-
pearance of T790M in plasma preceded 
clinico-radiological progression by 12, 
15 and 17 weeks respectively. One pa-
tient developed C797S mutation at pro-
gression on second-line osimertinib and 
progressed despite a 6-week empirical 
course of osimertinib 80 mg once daily 
in combination with gefitinib 250 mg 
once daily.

Discussion
The past half decade has witnessed 
heightened activity in terms of the in-
creasing number of treatment op-
tions available for first-line treatment 
of EGFR- m NSCLC. However, in LMIC, 
despite a  high prevalence of EGFR- m 
NSCLC, osimertinib, bevacizumab and 
ramucirumab in the first or subsequent 
lines of treatment are inaccessible to 
most patients. The type of mutation 
(exon 19  vs. exon 21  L858R) does not 
predict differential survival benefit with 
either TKIs (1st/ 2nd or 3rd generation) or 
chemotherapy/ TKI combination in the 
first-line setting [1,2,19]. While the world 
awaits the results of the first-line chemo-
therapy  +  osimertinib combination 
(FLAURA-2), it would be prudent in the 
LMIC setting (where majority of patients 
are still treated with 1st/ 2nd generation 
EGFR TKIs as the first line), to determine 
which subsets of these patients with 
EGFR- m NSCLC have inferior survival 
outcomes and hence may benefit from 
a more intensive first-line approach, i.e. 
3rd generation TKI or chemotherapy/ TKI 
combination.

In our study, there was a concordance 
of 50% between liquid bio psy (using 
dd-PCR in plasma) and tissue testing 
of EGFR mutation at baseline. This is in 
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bination during the latter half of the 
study; in keeping with practice chang-
ing studies which were published dur-
ing our recruitment period  [1,3]. Also, 
due to the COVID-19  pandemic, some 
of our patients were unable to travel to 
our centre for serial longitudinal mu-
tational monitoring plasma samples, 
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Baseline plasma detection of ct-DNA 
EGFR mutation positively correlates with 
a higher disease burden as evidenced by 
association with higher stage and extra 
thoracic metastatic involvement. Per-
sistence of ct-DNA on plasma among 
patients with EGFR- m NSCLC at first 
follow-up is predictive of inferior sur-
vival outcomes (PFS and OS); especially 
among patients treated with 1st/ 2nd gen-
eration EGFR TKIs and allows us to iden-
tify patients with inferior survival out-
comes and opens up an opportunity for 
intensification of their treatment. 

Conclusion
Detectable ct-DNA in plasma at baseline 
correlates with disease burden (disease 
stage and number of extra thoracic me-
tastasis). Patients with EGFR mutation 
and persistence of ct-DNA at first fol-
low-up have worse PFS and OS in com-
parison to those clearing the same in 
plasma; more so among those treated 
with 1st/ 2nd generation EGFR TKIs.


