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Abstract 

Rationale To investigate whether the mutational landscape of circulating cell-free DNA (cfDNA) could 
predict and dynamically monitor the response to first-line platinum-based chemotherapy in patients with 
advanced non-small-cell lung cancer (NSCLC).  
Methods Eligible patients were included and blood samples were collected from a phase III trial. Both cfDNA 
fragments and fragmented genomic DNA were extracted for enrichment in a 1.15M size panel covering exon 
regions of 1,086 genes. Molecular mutational burden (MMB) was calculated to investigate the relationship 
between molecular features of cfDNA and response to chemotherapy. 
Results In total, 52 eligible cases were enrolled and their blood samples were prospectively collected at 
baseline, every cycle of chemotherapy and time of disease progression. At baseline, alterations of 17 genes 
were found. Patients with partial response (PR) had significantly lower baseline MMB of these genes than 
those patients with either stable disease (SD) (P = 0.0006) or progression disease (PD) (P = 0.0074). Further 
analysis revealed that the mutational landscape of cfDNA from pretreatment blood samples were distinctly 
different among patients with PR vs. SD/PD. For patients with baseline TP53 mutation, those with PR 
experienced a significant reduction in MMB whereas patients with SD or PD experienced an increase after 
two, three or four cycles of chemotherapy. Furthermore, patients with low MMB had superior response rate 
and significantly longer progression-free survival than those with high MMB. 
Conclusion This study indicated that the mutational landscape of cfDNA has potential clinical value to 
predict the therapeutic response to first-line platinum-based doublet chemotherapy in NSCLC patients. At 
the single gene level, dynamic change of molecular mutational burden of TP53 is valuable to monitor efficacy 
(and, therefore, might aid in early recognition of resistance and relapse) in patients harboring this mutation at 
baseline. 
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Introduction 
Although molecular targeted therapy and 

checkpoint immunotherapy have shaped therapeutic 
strategies and significantly improved prognosis for 
subpopulations of patients with advanced 
non-small-cell lung cancer (NSCLC) [1-4], lung cancer 
still remains the leading cause of cancer-related death 
worldwide [5, 6]. More than 50% of NSCLC do not 
harbor targetable driver mutations, and acquired 
resistance is inevitable for those suitable for targeted 
therapy [7-9]. As for immunotherapy, only ~20% of 
unselected patients with advanced NSCLC respond to 
immune checkpoint inhibitors [10-12]. Therefore, the 
classical platinum-based doublet chemotherapy still 
remains the backbone for the majority of patients with 
advanced NSCLC [13]. Despite its effectiveness, 
platinum-based chemotherapy in NSCLC is 
unfortunately still used in a historical “one-size fits 
all” approach, which has been left behind in the era of 
precision medicine. Although much effort has been 
exerted to explore predictive biomarkers or molecular 
features to predict response to chemotherapy, to date, 
none of them had been successfully implemented in 
routine daily clinical practice [13].  

Circulating cell-free DNA (cfDNA), released by 
tumor or normal cells, is a potential surrogate for the 
genomic information of the whole tumor [14]. 
Previously, we and other researchers have reviewed 
the clinical application of cfDNA in NSCLC, and 
proposed cfDNA as a promising predictive factor for 
various treatments including targeted therapy and 
chemotherapy [14-16]. Indeed, it was shown to be 
effective for real-time monitoring of tumor burden in 
response to therapy. For example, a proof-of-concept 
study indicated that circulating tumor DNA could 
provide the earliest assessment of chemotherapeutic 
response and prediction of impending relapse when 
compared with traditional circulating markers [17]. A 
recent study suggested that detection and dynamic 
change of epidermal growth factor receptor (EGFR) 
mutation from cfDNA could be a predictor of 
treatment effect and survival outcomes in patients 
with NSCLC treated with first-line intercalated 
erlotinib and chemotherapy [18]. Wu and colleagues 
also demonstrated that EGFR mutation detection in 
cfDNA was significantly associated with more 
advanced disease and poorer prognosis [19]. In spite 
of the recent progress, there is little data on molecular 
analysis to link specific genetic variations with 
chemotherapeutic response in NSCLC patients, and 
there is a paucity of studies utilizing cfDNA as an 
alternative to tumor tissue to investigate the 
predictive value of the mutational landscape in 
NSCLC patients treated with platinum-based 
chemotherapy.  

With the aim to address the predictive 
significance of molecular features of cfDNA for 
first-line platinum-based doublet chemotherapy in 
patients with advanced NSCLC, we performed a 
biomarker exploratory analysis in patients who 
participated in a randomized phase III trial [20]. To 
further explore the relationship between molecular 
features of cfDNA and response to chemotherapy, we 
developed a new concept, molecular mutational 
burden (MMB, details are listed in the Methods 
section: Definition and Algorithm of MMB). We found 
that total MMB of frequently altered genes was 
significantly associated with chemotherapeutic 
response. There was a distinct copy number 
variations (CNVs) pattern for cfDNA from 
pretreatment blood samples among patients with 
partial response (PR) vs. stable disease 
(SD)/progression disease (PD). For patients who had 
baseline mutation of tumor protein p53 (TP53), its 
dynamic change in MMB revealed in the cfDNA could 
be used to monitor the objective response to 
chemotherapy in NSCLC patients. Moreover, we 
found that patients with low MMB had significantly 
longer progression-free survival (PFS) than those with 
high MMB.  

Methods 
Patient recruitment and sample collection  

Eligible patients were consecutively enrolled 
from a randomized phase III trial. Details of the study 
design and patient eligibility criteria were previously 
described [20]. Briefly, eligible patients should meet 
the following criteria: pathologically confirmed and 
previously untreated stage IIIB and stage IV NSCLC 
without activated EGFR mutation, age ranging from 
18 to 70 years old, Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 or 1, no need 
for palliative radiotherapy, expected survival time > 3 
months and adequate organ function.  

Enrolled patients were randomly assigned to 
receive mecapegfilgrastim (recombinant human 
granulocyte-colony stimulating factor) 100 mg/kg, a 6 
mg fixed dose, or placebo (control arm) on day 3 in 
cycle 1. All patients were scheduled to receive up to 4 
cycles of platinum-based chemotherapy (docetaxel 75 
mg/m2 combined with cisplatin at a dose of 75 
mg/m2, or carboplatin with an area under the curve 
of 5, on day 1, every 21 days). Blood samples were 
collected at the baseline, every cycle of chemotherapy 
and the time of disease progression. The protocol was 
approved by the institutional ethics committee of each 
participating medical center. All patients signed 
informed consent forms before the initiation of any 
study-related procedure.  



 Theranostics 2017, Vol. 7, Issue 19 
 

 
http://www.thno.org 

4755 

DNA extraction and sequencing 
Peripheral blood lymphocytes and plasma were 

separated by centrifugation at 1600 × g for 10 min. 
Supernatant plasma was then transferred to a new 2 
mL centrifuge tube and centrifuged at 16,000 × g for 
10 min. MagMAXTM Cell-Free DNA isolation kit (Life 
Technologies, California, USA) was used to extract 
cfDNA in the plasma according to its manufacturer’s 
instruction. Tiangen whole blood DNA kit (Tiangen, 
Beijing, PRC) was used to extract DNA from 
peripheral blood lymphocytes according to the 
manufacturer’s instructions. DNA concentration was 
measured using Qubit dsDNA HS Assay kit or Qubit 
dsDNA BR Assay kit (Life Technologies, California, 
USA). 

Genomic DNA was sheared into 150-200 bp 
fragments with Covaris M220 
Focused-ultrasonicatorTM Instrument (Covaris, 
Massachusetts, USA). Fragmented DNA and cfDNA 
libraries were constructed by KAPA HTP Library 
Preparation Kit (Illumina platforms) (KAPA 
Biosystems, Massachusetts, USA) following 
manufacturer’s instruction. DNA libraries were 
captured with a designed Genescope panel of 1086 
genes (Genecast, Beijing, China) that included major 
tumor related genes. The captured samples were 
subjected to Illumina HiSeq X-Ten for paired end 
sequencing. 

Bioinformatics pipeline 
Paired-end reads generated from Hiseq X-Ten 

platform were mapped to the hg19 reference genome 
with BWA 0.7.12 (default parameters), then sorted, 
filtered and indexed with SAM tools. In order to 
identify somatic SNP and indel mutations, the 
obtained BAM files from both blood cell and plasma 
samples for each patient were processed for pairwise 
variant calling using VarScan (v2.4.2) [21] using the 
following parameters: i) minimum coverage for 
calling somatic variants in blood cell samples is 8, and 
6 for calling in plasma samples. P-value threshold to 
call a somatic site was 0.05; ii) variants with < 90% 
strand bias were kept for further study. The generated 
candidate mutations were annotated use Annovar 
software tool [22], the dbNSFP and Exome 
Aggregation Consortum (ExAC) database were used 
to filter out either the benign mutations with 
pp2_hdiv score < 0.452 or the population 
polymorphic sites. Finally, the resulted 
nonsynonymous mutations at the exonic regions were 
kept. The average variant allele frequency was 
calculated for each gene during the obtained somatic 
mutations and was treated as mutation burden for 
each patient.  

We used all of the blood cell samples from 
patients to construct copy number baseline as 
negative control and used CNV kit to call copy 
number variation from the plasma samples for each 
patient. Target region sequencing would induce some 
poor coverage homogeneity between different 
enrichment regions due to biases related to the 
efficiency of target capture and library preparation, 
which is a limitation for precise copy number 
detection. We used a software package CNV kit that 
applies both the sequencing target region reads and 
nonspecifically captured off-target reads to help 
reduce that bias and, therefore, improved somatic 
CNV detection resolution. During the software 
working procedure, three main sources of bias that 
induce the extraneous variability of sequencing read 
depth, which included GC content, target footprint 
size and spacing, and repetitive sequences, were also 
evaluated and corrected. 

Definition and Algorithm of MMB 
For each patient, Mpileup files generated from 

Samtools were used as input for the mutation 
detection algorithm (VarScan2). VarScan2 algorithm 
performs pair-wise comparisons of base calls and 
normalizes sequence depth at each position for both 
tumor and normal samples simultaneously. During 
variant detection, the genotype for normal and tumor 
samples were determined independently based on 
adjustable minimum thresholds for coverage, base 
quality, strand bias, variant allele frequency and 
statistical significance. The value was computed by 
Fisher's exact test of the read counts supporting each 
allele (both reference and variant) compared to the 
expected distribution based on sequencing error 
alone. At each position where one or both samples has 
a variant, VarScan2 performs a direct comparison 
between tumor and normal genotypes and supporting 
read counts to identify the somatic mutations. The 
mutation frequency value for each somatic mutation 
was calculated as its variants supporting reads 
divided by reference supporting reads. Then a mean 
frequency was calculated among obtained mutations 
for each gene as its MMB. 

Statistical analysis  
Both Wilcoxon signed rank test and t test were 

applied for comparison of copy number variation and 
mutation frequency between defined patients’ 
groups, and P < 0.05 was considered statistically 
significant. Circos-0.69-4 was used to generate circos 
plots for SNP and indel distributions. A python 
package python 3.6-seaborn was used for copy 
number clustering and heat-map presentation. 



 Theranostics 2017, Vol. 7, Issue 19 
 

 
http://www.thno.org 

4756 

Results  
Patient collection and baseline characteristics  

In total, 52 eligible cases were enrolled and their 
blood samples were prospectively collected at 
baseline, every cycle of chemotherapy and time of 
disease progression. Baseline features of included 
patients are listed in Table 1. Briefly, 35 (67.31%) of 
them were male and 34 (65.4%) of them had ECOG 
PS=1. The vast majority of patients had 
histology-confirmed adenocarcinoma and squamous 
cell carcinoma (76.92%). Most of them received 
docetaxel plus cisplatin (67.31%). There were 11, 29 
and 12 patients who experienced PR, SD or PD to first 
line chemotherapy respectively.  

Detection of cfDNA at baseline 
We collected 52 blood samples at baseline. 

Among them, 48 samples had measurable 
concentrations of cfDNA, but 4 of them (PR, n = 1; SD, 
n = 2; PD, n = 1) were excluded due to negligible 
levels. Although the median levels of cfDNA were 
numerically lower in patients with SD and PD than 
those in patients with PR, there was no significant 
difference of baseline cfDNA concentrations among 
patients with PR, SD and PD (P > 0.05) (Figure S1).  

Relationship between MMB level and 
chemotherapeutic response 

To assess the association between mutational 
landscape of cfDNA and treatment response, both 
cfDNA fragment and genomic DNA were subjected to 
enrichment for a 1.15M size panel covering exon 

regions from 1,086 genes (Table S1). We firstly 
focused on the known driver mutations and/or the 
genes that are known to correlate with the effect of 
chemotherapy. The results showed that alterations of 
17 genes including ALK, BCL2, BRAF, CD74, CDKN2A, 
EML4, GSTP1, KIF5B, KRAS, MLH1, MTHFR, NRAS, 
RRM1, PIK3CA, SLC34A2, XPC and XRCC1 were 
frequently noticed in the 48 blood samples at baseline 
(Figure 1). Since no patients with EGFR mutation 
were enrolled in this cohort, EGFR mutation was not 
identified. By summing up the total MMB of these 
genes, we found that patients with PR had 
significantly lower values of MMB than those with SD 
(P = 0.0006) and PD (P = 0.0074). Although patients 
with SD appeared to have the lower value of MMB 
than patients with PD, there was no statistically 
significant difference (P = 0.1516) (Figure 1). 

To further explore whether the level of MMB 
could stratify patients with distinct response and PFS, 
we selected the median level of MMB at baseline 
among all cases as the cutoff value to divide the 
patients into two groups (high vs. low MMB group). 
As shown in Table 1, there were no significant 
association between clinicopathological features (age, 
gender, PS, histology and regimen) and level of MMB. 
The results showed that the objective response rate 
(ORR) and disease control rate (DCR) in the low MMB 
group was higher than in the high MMB group (ORR: 
33.3% vs. 8.3%, P = 0.076; DCR: 95.8% vs. 58.3%, P = 
0.006) (Figure 2A). Moreover, patients with low MMB 
had markedly longer PFS than those with high MMB 
(median PFS: 7.0 months vs. 3.6 months, HR = 0.31, 
95% CI 0.09-0.35, P < 0.0001) (Figure 2B).  

 

Table 1. Baseline characteristics of included patients (n = 52). 

    Total  ％ Low MMB ％ High MMB ％ P value 
Age < 65 32 61.5% 19 63.3% 11 36.7% 0.100 
  > 65 20 38.5% 7 38.9% 11 61.1%   
Gender Male 35 67.3% 15 46.9% 17 53.1% 0.838 
  Female 17 32.7% 7 43.8% 9 56.3%   
ECOG PS 0 18 34.6% 9 52.9% 8 47.1% 0.464 
  1 34 65.4% 13 41.9% 18 58.1%   
Histology Adenocarcinoma 26 50.0% 13 56.5% 10 43.5% 0.252* 
  Squamous 14 26.9% 6 42.9% 8 57.1%   
  Adenosquamous 2 3.8% 1 50.0% 1 50.0%   
  Large cell carcinoma 1 1.9% 0 0.0% 1 100.0%   
  NOS 9 17.3% 3 37.5% 5 62.5%   
Regimen Docetaxel + cisplatin 35 67.3% 18 54.5% 15 45.5% 0.938 
  Docetaxel + carboplatin 17 32.7% 8 53.3% 7 46.7%   
Mecapegfilgrastim  Yes 33 63.5% 20 76.9% 18 81.8% 0.953 
  No 19 36.5% 6 23.1% 4 18.2%   
Response rate CR 0 0.0% 0 0.0% 0 0.0%   
  PR 11 21.2% 8 80.0% 2 20.0% 0.249 
  SD 29 55.8% 15 55.6% 12 44.4%   
  PD 12 23.1% 1 9.1% 10 90.9%   

ECOG PS: Eastern Cooperative Oncology Group performance status; NOS: not otherwise specified; CR: complete response; PR: partial response; SD: stable disease; PD: 
progression disease; MMB, molecular mutational burden. 
*, p value refers to adenocarcinoma vs. non-adenocarcinoma. 
**, 52 blood samples were collected at baseline and 48 samples had measurable concentration (4 of them were excluded due to negligible level). 
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Figure 1. The association between molecular mutational burden and treatment response. (A) alterations of 17 genes including ALK, BCL2, BRAF, CD74, CDKN2A, 
EML4, GSTP1, KIF5B, KRAS, MLH1, MTHFR, NRAS, RRM1, PIK3CA, SLC34A2, XPC and XRCC1 were frequently observed in 48 blood samples at baseline; (B) patients with 
PR had significantly lower molecular mutational burden of these genes than patients with SD. Although patients with SD appeared to have lower molecular mutational 
burden than those with PD, there was no statistically significant difference. 

 

 
Figure 2. Low molecular mutational burden was associated with superior response rate and longer PFS. (A) The objective response rate and disease control rate 
in the low molecular mutational burden group was higher than in the high molecular mutational burden group; (B) patients with low molecular mutational burden had 
markedly longer PFS than those with high molecular mutational burden. 

 
Among the 17 frequently found gene alterations 

at baseline, 8 of them (i.e., BCL2, CD74, GSTP1, 
MTHFR, MLH1, RRM1, XPC and XRCC1) were 
associated with chemotherapeutic effect in previous 
reports in NSCLC. Thus, we performed a further 
subgroup analysis about the relationship between 
these 8 genes’ MMB level and chemotherapeutic 
response. We found that patients with PR had 
significantly lower values of MMB than those with PD 
(P = 0.0166), but not those with SD (P =0.1460). 

Although patients with SD appeared to have the 
lower value of MMB than patients with PD, there was 
no statistically significant difference (P = 0.2152) 
(Figure S4). As for PFS prediction, we found that the 8 
genes’ MMB showed a similar trend to the MMB of 17 
genes. The median PFS was 5.6 months in patients 
with low MMB, which was numerically longer than 
the 4.8 months in patients with high MMB (P = 0.9193) 
(Figure S5). 



 Theranostics 2017, Vol. 7, Issue 19 
 

 
http://www.thno.org 

4758 

 
Figure 3. Copy number variation (CNV) # from cfDNA was associated with the effect of first-line chemotherapy. (A) CNV profiles from cfDNA was significantly 
different between patients with PR vs. SD/PD; (B) Clear segregation according to objective response was observed via hierarchical clustering of cfDNA. # To reduce 
the noise signal, the average CNV value of all patients with PR was compared to determine the relative CNV value of each patient.  

 

Copy number variation clearly segregated 
patients with distinct therapeutic response  

To further explore the relationship between 
mutational landscape of cfDNA and effect of first-line 
chemotherapy, we surveyed the CNVs across the 
genome for all the blood samples at baseline. We used 
the genomic DNA extracted from white blood cells 
and cfDNA in parallel to identify meaningful CNV 
patterns. Based on previously reported 
NSCLC-related CNVs in the literature and online 
database (TCGA), we further looked into each 
individual gene and identified 26 genes whose CNV 
pattern could clearly segregate the CNV pattern of 
patients with PR from those with either SD or PD 
(Figure 3A). Interestingly, when we performed 
hierarchical clustering based on these genes, only in 
cfDNA (Figure 3B) but not genomic DNA (Figure S2), 
did we see clear segregation associated with treatment 
response to the first-line platinum-based 
chemotherapy. These results suggested that CNV 
profiles of cfDNA might have a clinically predictive 
value.  

Changes of TP53 MMB dynamically monitored 
the efficacy of chemotherapy 

Several studies demonstrated that cfDNA 
dynamics could be associated with treatment 
response. However, no study has ever investigated 
the predictive value of such dynamic change of 
tumor-specific gene mutational burden in cfDNA in 
NSCLC patients treated with chemotherapy. Here, we 
chose TP53, one of the most common altered genes in 

various types of cancer, to explore whether dynamic 
changes in TP53 MMB (defined as the sum of 
alterations in TP53 including SNV and indels) in 
cfDNA could predict the objective response in NSCLC 
patients treated with platinum-based first-line 
chemotherapy. 28 cases (58.3%) had TP53 mutations 
at baseline. There was no significant difference of 
baseline MMB of TP53 among patients with PR, SD 
and PD (P > 0.05) (Figure S3). In 11 patients with PR, 6 
patients had subsequent cfDNA specimens available 
to compare with their baseline TP53 mutation burden. 
When we grouped samples drawn after the same 
chemotherapy cycle together, we found that there was 
a significant reduction in MMB of TP53 after two 
(patients P11 and P12, TP53: 1.5→0.9), three (patient 
P6, TP53: 0.6→0.4; patients P8 and P9, TP53: 
1.6→1.2→0.7) or four (patient P1, TP53: 
2.6→1.9→0.8→0.3) cycles of chemotherapy (Figure 4). 
In 27 patients with SD, 7 of them had cfDNA available 
for comparison, which showed a slight increase in 
MMB of TP53 after two (patients P13, P14, P15, P16 
and P29, TP53: 1.8→2.1) or three (patients P21 and 
P23, TP53: 1.1→1.6→1.9) cycles of chemotherapy 
(Figure 4). For patients with PD, 5 patients were 
available for comparison. Interestingly, they all 
experienced a remarkable increase in TP53 MMB after 
either two (patients P10, P28 and P30, TP53: 1.7→2.7) 
or four (patients P18 and P31, TP53: 1.5→8.3) cycles of 
chemotherapy (Figure 4). These results indicated that 
dynamic changes in TP53 MMB in cfDNA could well 
monitor the response to first-line platinum-based 
chemotherapy in patients with advanced NSCLC. 
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Figure 4. Dynamic changes in TP53 mutational burden in cfDNA could predict 
the objective response. Patients with PR experienced a significant reduction in 
TP53 mutational burden, while patients with SD or PD experienced increased 
TP53 mutational burden after several cycles of chemotherapy (different colors 
stand for different patients). 

 

Discussion 
To our best knowledge, the present study is the 

first one to reveal that the mutational landscape of 
cfDNA is significantly associated with the effect of 
first-line platinum-based doublet chemotherapy in 
patients with advanced NSCLC. We found that 
patients with low MMB had superior response rates 
and significantly longer PFS than those with high 
MMB. We also observed that patients with distinct 
therapeutic response presented with quite different 
mutational features of cfDNA from pretreatment 
blood samples. Furthermore, in patients with baseline 
TP53 mutation, we observed a significant reduction in 
TP53 MMB in patients with PR but increased burden 
in patients with SD and PD after two, three or four 
cycles of chemotherapy, indicating that changes in 
TP53 MMB might dynamically monitor the 
therapeutic response.  

Although the biology of cfDNA remains 
debatable, the clinical application of cfDNA has been 

extensively studied [23]. Several proof-of-principle 
studies have demonstrated the promising role of 
cfDNA for cancer diagnosis, prognosis, evaluation of 
recurrence risk, selection of optimal treatment, and 
monitoring of tumor burden and therapeutic response 
[14, 16, 17, 24-29]. Using cfDNA as a predictor for 
therapeutic response in NSCLC has been investigated 
in many previous studies [30-33]. However, most 
focused on cfDNA levels and the results are 
inconsistent. In 2004, Gautschi et al. reported that 
tumor progression was significantly associated with 
increasing cfDNA level and patients who responded 
to chemotherapy had lower serum cfDNA 
concentration [30]. In line with this result, another two 
studies also found that cfDNA levels could predict 
chemotherapeutic response in patients with advanced 
NSCLC [31, 32]. However, a recent large prospective 
study evaluated the predictive value of total plasma 
cfDNA concentration for systemic therapy response in 
NSCLC, and found that the baseline cfDNA level did 
not correlated with PFS (HR = 1.06, P = 0.41) and OS 
(HR = 1.04, P = 0.51), and dynamic changes in total 
plasma cfDNA did not correlate with radiologic 
response[33], which suggested that total cfDNA 
concentration is not a suitable predictive biomarker 
for outcome of systemic therapy and recommended 
that future investigations in cfDNA should focus on 
other biomarkers such as tumor-specific genomic 
aberrations of cfDNA via next-generation sequencing. 
Consistent with their finding, this current prospective 
study reiterated that the median baseline cfDNA level 
was similar between patients with PR vs. SD/PD.  

To further investigate the relationship between 
the mutational landscape of cfDNA and 
chemotherapeutic response, we developed a new 
concept in this study, named MMB. MMB was 
distinguished from tumor mutation burden. Tumor 
mutation burden measures the overall number of 
somatic protein coding mutations per area of 
sequence in the tumor specimen [34] and is a discrete 
variable. The exploratory analysis of CheckMate 026 
showed that, in the chemotherapy group, patients 
with low/medium tumor mutation burden had 
similar ORR as patients with high tumor mutation 
burden (33% vs. 28%; P = 0.544) [35]. In contrast, MMB 
was defined as the sum of mean mutation frequency 
value for each somatic mutation and is a continuous 
variable. Thus, its continuous and dynamic change 
could be applied to real-time and dynamic monitoring 
of treatment response. In the current study, alterations 
of 17 genes were frequently found at baseline. Nine of 
them were known drivers in carcinogenesis (ALK, 
BRAF, CDKN2A, EML4, KIF5B, KRAS, NRAS, PIK3CA, 
and SLC34A2) and 8 of them were associated with 
chemotherapeutic effect in previous reports (BCL2, 
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CD74, GSTP1, MTHFR, MLH1, RRM1, XPC and 
XRCC1) in NSCLC. Although the association of each 
individual gene with chemotherapeutic effect remains 
controversial, a robust correlation between the total 
MMB of these genes in cfDNA and chemotherapeutic 
response was observed. Moreover, patients in the low 
MMB group also had significantly longer PFS than 
those with high MMB. This result indicated that the 
total MMB of this 17-genes panel could be valuable to 
predict chemotherapeutic response and PFS of 
first-line platinum-based doublet chemotherapy in 
patients with advanced NSCLC.  

CNV is a type of genetic alteration characterized 
by chromosomal amplification and deletion that 
results in considerable change in the genome [36]. It is 
considered one of the major types of genome 
aberrations that contribute to tumor initiation, 
maintenance and progression. Previous studies have 
demonstrated that CNV pattern in cfDNA could 
mirror the primary tumors of prostate and breast 
cancer [37, 38], suggesting CNV in cfDNA might act 
as a surrogate of primary tumor. Clinical application 
of cfDNA CNV has been extensively explored and 
most of the studies focused on the relationship 
between CNV of specific genes with 
clinicopathological features or prognosis in NSCLC 
[39, 40]. Recently, Louise and colleagues examined the 
CNV in circulating tumor cells (CTC) from 
pretreatment blood samples of small cell lung cancer 
(SCLC) patients and reported that CNV-based 
classification could distinguish chemosensitive from 
chemorefractory cases with an accuracy of 83.3% [41]. 
In line with this result, we found that cfDNA CNV 
pattern was significantly different between patients of 
PR with SD or PD to chemotherapy, and clear 
segregation of response matching CNV pattern was 
observed by using hierarchical clustering. Taken 
together, these results indicated that CNV might also 
potentially be used as a first step toward identification 
of a proper biomarker that may predict response to 
chemotherapy in NSCLC patients.  

The tumor-specific genomic aberration from 
cfDNA also showed promising results for real-time 
monitoring of the response to systemic therapy. Mok 
T et al. performed a prospective analysis of EGFR 
mutation detected from cfDNA in the FASTACT-2 
trial and found that patients with negative detection 
of EGFR mutation at cycle 3 predicted longer PFS and 
OS, indicating that dynamic change of blood-based 
EGFR status could be applied to predict long-term 
benefit of EGFR tyrosine kinase inhibitor (TKI) [18]. 
Zhou et al. further found there were 2 different 
dynamic changes of EGFR L858R mutation at the time 
of disease progression, which have different 
prognosis after EGFR TKI treatment [42]. However, to 

date, no biomarkers have been developed to predict 
or monitor the efficacy of chemotherapy in NSCLC. 
Previous studies reported that TP53 specific mutation 
status was associated with cisplatin sensitivity [43]. 
Therefore, we further investigated the dynamic 
changes of TP53 mutational burden in this study, and 
we observed that patients with PR experienced a 
significant reduction in TP53 mutational burden, 
whereas contrary results were observed for patients 
with SD or PD after several cycles of chemotherapy. 
These findings suggested that the dynamic changes of 
TP53 mutational burden might have monitoring value 
for the efficacy of first-line platinum-based doublet 
chemotherapy in patients with advanced NSCLC, and 
further large-scale investigation is warranted to 
validate these results.  

In conclusion, we found that the mutational 
landscape of cfDNA is associated with therapeutic 
response to first-line platinum-based doublet 
chemotherapy in patients with advanced NSCLC. 
Both the MMB and CNVs have value in predicting 
therapeutic effects, and tumor-specific TP53 mutation 
burden has value in dynamically monitoring 
therapeutic efficacy and is worth further 
investigation. Collectively, our study shed a light on 
the use of cfDNA to predict and monitor the efficacy 
of first line chemotherapy in patients with advanced 
NSCLC; therefore, future valuable biomarkers should 
be developed using this non-invasive approach.  
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