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The epidermal growth factor receptor (EGFR) gene 
mutation has changed the clinical practice of stage IV non-
small cell lung cancer (NSCLC) (1). Many well designed 
randomized trials have shown that EGFR-tyrosine kinase 
inhibitors (TKIs) are better treatment than conventional 
chemotherapy in patients who had sensitizing EGFR 
mutations (2,3). Therefore, identification of EGFR-
sensitizing mutations in tumor tissue is the current standard 
biomarker to identify candidates who will benefit from first-
line EGFR-TKI targeted therapy (4). However, multiple 
factors make it difficult to obtain enough tumor tissue for 
EGFR genetic analysis (5,6). When only a small tumor 
specimen is available, it is more feasible to assess tumor 
genomics via a blood sample or other body fluid, termed a 
‘liquid biopsy’ (7). 

Although liquid biopsy most often refers to the analysis 
of circulating tumor DNA (ctDNA) from peripheral blood, 
this term also encompasses the isolation and analysis of 
tumor-derived material (e.g., DNA, RNA, or even intact 
cells) from blood or other body fluids (8). Fragments of 
DNA from tumor cells that are shed into the blood can be 
detected as ctDNA (8-14). With appropriate processing, 
ctDNA can be tumor specific and provide valuable 
molecular information through fragmented DNAs (10). 
Liquid biopsy is a minimally invasive, easily repeatable 
method that may predict the development of drug resistance 

by serial monitoring earlier than radiologic progression 
or the appearance of clinical symptoms. Therefore, liquid 
biopsy is becoming a valuable tool for molecular analysis, 
gaining new insights into tumor heterogeneity, early 
cancer diagnosis and monitoring for recurrence or drug  
resistance (8). The consensus criteria used to select first-
line treatment in NSCLC patients for molecular testing of 
ctDNA are the same used for molecular analysis with DNA 
isolated from tissue (12,15). 

Among various types of liquid sources, easily accessible 
blood-based liquid biopsy has the potential to provide 
valuable information for clinical application of EGFR 
targeted treatment (12,14). There has been reported several 
retrospective studies that showed the correlation between 
ctDNA-based liquid biopsy and efficacy of EGFR-TKIs  
(16-19). The BENEFIT study was the first prospective study 
to approve the efficacy of first-line gefitinib therapy with 
ctDNA-based EGFR mutation analysis, and it provided the 
evidence that ctDNA-based EGFR mutation status can be 
used to ascertain eligibility for EGFR targeted therapy (20).  
Wang et al. evaluated plasma ctDNA-based EGFR mutation 
detection using droplet digital PCR (ddPCR). In addition, 
they analyzed dynamic change of EGFR-sensitizing and 
EGFR-resistance mutation statuses in relation to clinical 
efficacy throughout the targeted therapy. The objective 
response rate (ORR, 72.1%) and the median progression-
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free survival (PFS, 9.5 months) of the BENEFIT study 
were similar to those of several previous reports using 
tissue-based EGFR analysis (2,3). Using ddPCR, the authors 
obtained a satisfactory specificity of 93.9% with a relatively 
low sensitivity of 70.0%, which may limit the use of ddPCR 
in routine clinical practice. Nevertheless, EGFR mutation 
detection by ddPCR using plasma ctDNA could be used to 
select patients who could be benefit from first-line gefitinib 
when an insufficient tumor specimen is available for tissue-
based molecular analysis.

The BENEFIT study showed that ctDNA-based liquid 
biopsy could not only assess baseline genetic status but also 
monitor changes over time, unlike tissue biopsy. Several 
interesting findings from a clinical perspective were also 
described in this study (20). First, the efficacy of gefitinib in 
patients with a de novo T790M mutation was estimated to 
be 5% worse than that in patients without it (ORR: 33.3% 
vs. 74.1%; median PFS: 5.6 vs. 9.6 months, P=0.004). The 
authors suggested that the use of first-line treatment with 
third-generation EGFR-TKIs could be an ideal option for 
these patients to cover T790M mutation. Second, the loss 
of EGFR mutations in ctDNA at week 8, which reflects 
decreased tumor burden, could have a better outcome than 
persistent existence (median PFS: 11.0 vs. 2.1 months, 
P<0.0001). A higher number of patients showed a loss of 
the EGFR exon 19 deletion than the L858R mutation 
(94.1% vs. 81.7%, P=0.017). Dynamic changes in ctDNA 
EGFR mutation status may predict therapeutic outcomes 
like the other clinical trial with erlotinib (19). Third, 
dynamic alterations in EGFR T790M mutations could be 
used to predict radiological progression. The median time 
difference from baseline negativity to T790M positivity was 
7.6 months, and that from T790M positivity to radiological 
progression was 2.0 months in the BENEFIT study. 
Therefore, we should be aware that acquired resistance 
could be developed in case of T790M positivity in liquid 
biopsy, and other strategies such as an early switch to 
osimertinib or a treatment combining other drugs may be 
needed.

Patients enrolled in the BENEFIT study also had 
performed next generation sequencing (NGS) on their 
plasma-derived ctDNA to detect additional mutations in 
tumor-suppressor genes and oncogenic drivers using an ultra-
deep (20,000×) 168-gene panel named LungPlasma™ (20). 
The authors classified three genetic subgroups: patients 
that (I) harbored only EGFR-sensitizing mutations; 
(II) had concurrent EGFR-sensitizing mutations and 
mutations in tumor-suppressor genes; (III) had multiple 

alterations in oncogenic drivers (MET, ERBB2, KRAS, 
BRAF, RET, or ROS1) besides EGFR-sensitizing mutations. 
Median PFS for these three subgroups was 13.2, 9.3, and  
4.7 months, respectively. And the median PFS was 
significantly longer in patients that harbored only EGFR-
sensitizing mutations than other subgroups (subgroup 1 vs. 
subgroup 2, P=0.002; subgroup 1 vs. subgroup 3, P=0.0003). 
Furthermore, blood-based NGS analysis confirmed the 
complex genetic aberrance in about 90% of the subgroup of 
persistent ctDNA EGFR mutations at week 8. Therefore, 
liquid biopsy-based analysis of baseline driver genes and 
subsequent dynamic changes could help to understand 
treatment outcome, and suggests that alternative therapeutic 
strategies are needed in patients with EGFR mutations who 
respond poorly to EGFR-TKI monotherapy.

With the development of ctDNA detection platforms, 
the low sensitivity issue of liquid biopsy can be solved 
through standardization and optimized new techniques, 
such ddPCR and ultradeep NGS (7). The pre-analytic 
standardization of liquid biopsy should include the use of 
plasma over serum, avoidance of heparinized tubes, prompt 
centrifugation, and standardization of cell free extraction 
methods (21). Liquid biopsies could be developed as the 
new standard for early detection of acquired drug resistance, 
with conventional tissue biopsies recommended only in 
ctDNA-negative cases (7). With technical improvements, 
the liquid biopsy-guided targeted therapy might be a 
surrogate for the tissue-based standard approach in the 
near future. It is likely that a subset of patients with stage 
IV NSCLC may only require plasma ctDNA liquid biopsy, 
possibly with the addition of circulating tumor cell or urine 
ctDNA analysis, thus avoiding the need for invasive tissue 
biopsy (7).

In conclusion, the BENEFIT study has helped advance 
research in this field by attempting to elucidate how 
the identification of EGFR mutations in ctDNA plays a 
crucial role in accurately identifying patients who might 
benefit from TKIs therapy rather than the tissue biopsy-
based approach. Their dynamic measurement of EGFR 
mutations and profiling of co-occurring gene mutations 
from the baseline provide considerable support for pursuing 
strategies of EGFR targeted therapy to prevent the evolution 
of acquired resistance. ctDNA analysis has rapidly emerged 
as a technology with many promising clinical applications. 
Effective clinical integration of ctDNA analysis will require 
a careful understanding of the advantages and limitations of 
this approach to properly interpret results and guide clinical 
decision making. Although further studies are needed, 
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ctDNA analysis harbors the potential to improve precision 
cancer medicine.
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