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Abstract
CtDNA has been utilized to monitor the clinical course of the patients of NSCLC who receive therapies
targeting druggable mutations. However, despite providing valuable information on how NSCLC would
naturally progress, the clinical utility of ctDNA for clinical-course monitoring and prediction of the
treatment-naïve NSCLC patients without druggable mutations remain unknown. We longitudinally
followed a total of 12 treatment-naïve NSCLC patients, who did not harbor EGFR and ALK mutations, by
collecting clinical information, radiological data, and plasma samples. Changes in ctDNA levels and
tumor burden (TB) were also compared with each other. Volume doubling time (VDT), and overall survival
(OS) were analyzed regarding ctDNA detection at diagnosis. CtDNA was detected in the plasma of seven
(58.3%) patients. Changes in ctDNA levels correlated with those in TB in a substantial fraction (57.1%) of
patients and was also associated with brain metastasis, tumor necrosis, or pneumonia in other patients.
In addition, the patients with ctDNA detection had shorter VDT (p = 0.039) and worse OS (p = 0.019) than
those without ctDNA detection. The natural course of NSCLC progression can be monitored by measuring
ctDNA levels. Detection of ctDNA at diagnosis can predict rapid tumor growth and poor survival of NSCLC
patients.

Introduction
Easily obtainable through liquid biopsy, circulating tumor DNA (ctDNA) has been of great interest to those
who seek cancer biomarkers 1,2. In non-small cell lung cancer (NSCLC), however, the clinical utility of
ctDNA has been limited to detecting mutations in the genes that encode druggable proteins such as
Epidermal Growth Factor Receptor (EGFR) and Anaplastic Lymphoma Kinase (ALK). In addition, the
current clinical-course monitoring of NSCLC by using ctDNA usually examines a single druggable driver
gene in the patients with targeted therapy 3.

While the majority of NSCLC patients receive anti-cancer treatments, a substantial proportion of patients
(~ 20%) do not 4. Elucidating the clinical course of such treatment-naïve patients, who currently are rarely
followed up in most cases, would provide us with unprecedented, valuable information on how NSCLC
naturally progresses in relation to patient survival 5. Genetic markers as carried by ctDNA would help
reveal molecular paths that NSCLC would naturally follow in the absence of therapy. Notably, the two
most commonly adopted druggable mutations in monitoring NSCLC using ctDNA, those in EGFR and
ALK, are recoverable at most 20% of patients 6. Whether the remainder of NSCLC patients without the
druggable mutations would bene�t from using ctDNA for clinical-course prediction or monitoring remains
unclear.

In this vein, we investigated whether ctDNA obtained from treatment-naïve NSCLC patients could provide
us with critical information on natural clinical course when mutations affecting the druggable target
genes are absent. We conducted longitudinal assessments of ctDNA levels, mutation maker �uctuations,
and clinical features.
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Results
Patient characteristics and ctDNA detection. Out of the 12 patients included in this study, eight (83.3%)
were male and nine (75.0%) had smoking history (Fig. 1). While eight (83.3%) patients had
adenocarcinoma, eight (83.3%) were diagnosed with stage IV NSCLC. Pneumonia was observed in two
patients (P8 and P12) during follow-ups (Table 1). Necrosis of primary tumor was observed in two
patients (P3 and P8). TB gradually increased in 11 (91.7%) patients except P8. In P8, the size of the solid
tumor temporarily decreased slightly in proportion to the increase in necrotic area. The median duration
of follow-ups was 298 days. Death was observed in 11 patients. The median survival of the patients was
235 days.
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Table 1
Patient characteristics and circulating tumor DNA detection

Patient Timea ctDNA detection VDT

(days)

Pneumonia Tumor necrosis

P1 T1 Yes 130    

T2    

T3    

T4    

P2 T1 No 221    

T2    

T3    

P3 T1 Yes 73   Yes

T2   Yes

P4 T1 No 60    

T2    

P5 T1 No 179    

T2    

T3    

P6 T1 Yes 48    

T2    

T3    

P7 T1 No 213    

T2    

T3    

P8 T1 No 150 Yes Yes

T2   Yes

T3 Yes Yes

P9 T1 Yes 130    

T2    

T3    
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Patient Timea ctDNA detection VDT

(days)

Pneumonia Tumor necrosis

P10 T1 Yes 53    

T2    

P11 T1 Yes 44    

T2    

P12 T1 Yes 142 Yes  

T2    

T3 Yes  

aT1 to T4 denote a time point for plasma sampling and imaging tests.

ctDNA, circulating tumor DNA; VDT, volume doubling time

CtDNA was detected in the plasma of 7 (58.3%) patients (Supplementary Table S1 online). The median
ctDNA level was 9.1 hGE/ml (range: 0.8–108.5) and the median variant allele frequency was 4.2% (range
0.1–21.9). Patients with detected ctDNA showed a trend to be male, have smoking history, have
adenocarcinoma, and/or be diagnosed at advanced stages. The most common mutations detected were
in TP53 (�ve patients [41.7%]), followed by those in CSMD3, FAT1, ARID1B, TULP4, DST, PCDH15,
PKHD1L1, and LRP1B. The results of validation ddPCR were comparable to those of NGS in the patients
with detected ctDNA (Supplementary Table S2 online).

Change in ctDNA levels and tumor burden. Four patients (57.1%) with detected ctDNA (P6, P9, P10, and
P11) displayed a tendency of increasing ctDNA levels over time, which may correspond to increase in TB
(Fig. 2). By contrast, changes of ctDNA levels in the other three patients (P1, P3, and P12) showed
discordance with increase in TB. Several distinct clinical features were accompanied in these patients. In
P1, although the primary tumor size gradually decreased, the total TB gradually increased as the size of
the brain metastasis increased. In P3, the size of the primary tumor slightly increased whereas the area
with accompanied tumor necrosis decreased. Pneumonia was occurred at the diagnosis and the third
follow-up period in P12.

Volume doubling time and overall survival regarding ctDNA detection at diagnosis. The median value of
VDT in the patients whose ctDNA was detected at diagnosis was 73 days. The patients whose ctDNA
was not detected displayed a longer median VDT, 179 days (p = 0.039) (Fig. 3). Of note, the patients with
detected ctDNA had a signi�cantly worse OS than those without detected ctDNA (the median OS of 153
days versus 501 days, log-rank p = 0.019) (Fig. 4). Moreover, patients with high-level ctDNA had worse OS
compared with those with low-level ctDNA (the median OS of 121 days versus 235 days, log-rank p = 
0.048).
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Discussion
We have here shown that changes in ctDNA levels correlated with TB in a substantial fraction of
treatment-naïve NSCLC patients without the druggable mutations, but it could be affected by various
clinical factors. We also noted that the natural course of NSCLC progression could be predicted by
detecting ctDNA. We found that patients with ctDNA detected at diagnosis had shorter VDT and worse OS
during follow-ups.

The ctDNA levels of patients as measured in hGE in this study was lower than those of the patients
receiving chemotherapy in other studies 7,8. This indicates that a fraction of treatment-naïve NSCLC
patients could already harbor a considerable amount of ctDNA, which could be further increased by
treatment-induced cancer cell death. Previous studies suggested that changes in ctDNA levels can be
positively correlated with TB of the patients who receive chemotherapy 7,9. Our results showed that
alteration in ctDNA levels correlates with that in TB in some treatment-naïve patients whereas others do
not. We speculate that the relatively low amount of ctDNA detected in the treatment-naïve patients could
be easily affected by clinical factors. Increased size of brain metastasis may account for the increased
overall TB while the primary tumor size shrinking (P1). As the blood-brain barrier could prevent ctDNA
from entering the circulation, the increased size of brain metastasis may not be re�ected in ctDNA 10. The
fall of ctDNA level could be also explained by alteration of area with tumor necrosis (P3) 3 or pneumonia
(P12) 11. Our results showed that the patients with ctDNA detection would develop accelerated tumor
growth. The short VDT of the patients with ctDNA detection could re�ect their high tumor proliferation
rate 12. The high-level tumor proliferation observed in the patients with ctDNA detection may account for
the poor prognosis of these patients.

Our results should be interpreted with caution. First, this study included a relatively small number of
samples. However, �nding a sizable number of appropriate treatment-naïve patients, who also received
follow-ups with imaging studies and ctDNA isolation, required a huge patient population. In our cohort,
only 12 patients (0.3%) met all the criteria among 3,740 patients diagnosed as NSCLC. Second, somatic
mutations recovered from the ctDNA were not compared with those from the corresponding tumor
specimens. However, we did every effort to �lter out false signals in this study (see the Supplementary
material).

To summarize, this study reveals that natural course could be monitored using ctDNA levels in NSCLC
patients but various clinical factors such as brain metastasis, tumor necrosis or infection can affect the
ctDNA levels. Our results also imply that detection of ctDNA at diagnosis can predict rapid tumor growth
and poor survival of the NSCLC patients. This study indicates that natural course could be monitored or
predicted with individually harbored somatic mutations in ctDNA of NSCLC patients.

Methods
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Patients and radiological evaluation. 3,740 patients who had been histologically diagnosed as NSCLC
between January 2008 and March 2017 were identi�ed in the Inha Lung Cancer Cohort (Inha University
Hospital, Incheon, South Korea) and initially considered for this study (Fig. 5). Among them, 153 patients
did not take any anti-cancer treatment. The treatment refusal was based on (1) either severe comorbid
diseases or more than three markings in the Eastern Cooperative Oncology Group performance status (n 
= 87); (2) patients’ wish not to take treatment (n = 39); (3) poor economic status (n = 18); and (4) unknown
reasons (n = 9). Finally, a total of 12 patients (P1 to P12) were included in this study.

All clinical information regarding age, gender, smoking history, histology, and stage was prospectively
acquired. Radiological evaluations were performed at the time of diagnosis and the ensuing follow-ups
with the average of three-month intervals (range: 2–5). The stage was estimated using the 8th edition of
the Tumor-Node-Metastasis classi�cation 13. Tumor burden (TB) was measured with the sum of greatest
diameters of target lesions with the standard of RECIST v1.1 14. The study protocol was approved by the
Institutional Review Board of Inha University Hospital and informed consents were obtained from
patients. All methods were performed in accordance with the relevant guidelines and regulations.

Plasma samples and DNA extraction. 37 serial plasma samples of the patients included in the study were
drawn at the same time as the radiological evaluation and subsequently stored at -80oC until use. Cell-
free DNA (cfDNA) was extracted from the plasma samples using the QIAamp Circulating Nucleic Acid Kit
(QIAGEN, Hilden, Germany) and eluted in 30  of Buffer AVE according to the manufacturer's instruction
(Supplementary materials).

Targeted next-generation sequencing. Targeted next-generation sequencing (NGS) was performed on all
ctDNA samples using a panel of 113 genes (Supplementary Table S3 online). Several �ltering steps were
applied to sieve out putative germline and false variants. A total of 66 variants were identi�ed
(Supplementary Table S1 online). Among these variants and some putative germline variants, 8 variants
with su�cient amounts of DNA were validated with digital droplet PCR (ddPCR) (Supplementary Table S2
online). CtDNA levels were expressed in haploid genome equivalents per milliliter of plasma (hGE/mL).
Detailed information on the methods for the targeted NGS, preprocessing and variant analysis, and
ddPCR is described in the Supplementary materials.

Statistical analysis. CtDNA levels were analyzed as continuous or dichotomized variables based on the
median value. Volume doubling time (VDT) was calculated by using an equation based on the modi�ed
Schwartz formula 15. Overall survival (OS) was de�ned from the time of diagnosis until death as a result
of all causes. If patients were still alive on the last follow-up date, they were censored on that day.
Patients were classi�ed into two groups with the presence of detected ctDNA. Changes in ctDNA levels
were compared with those of TB. VDT was compared between groups using t-test. The median OS was
estimated by the Kaplan-Meier method and compared by using log-rank test. To estimate statistical
signi�cance, two-tailed hypothetical testing was performed with rejecting the null hypothesis when p < 
0.05. All statistical analyses were performed using the IBM SPSS statistical software package (version
19.0; SPSS Inc., Chicago, IL, USA).
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Figure 1

Somatic mutation pro�les of circulating tumor DNA (ctDNA) and clinical characteristics. In 7 patients (P1,
P3, P6, P9, P10, P11, and P12), at least one mutation was detected in ctDNA whereas no mutation was
detected in 5 patients (P2, P4, P5, P7, and P8). Tumor burden shows a tendency to increase in all the
patients except P8.
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Figure 2

Changes in circulating tumor DNA (ctDNA) level of mutated gene in longitudinal plasma samples for
patients with detected ctDNA. Each circle indicates a time point for plasma sampling and imaging test. In
P3, the size of the primary tumor slightly increased whereas the area with tumor necrosis decreased at
the second follow-up period (black arrow). In P12, pneumonia was accompanied at diagnosis and the
third follow-up period (red arrow).
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Figure 3

Changes in tumor burden in patients by detection of circulating tumor DNA (ctDNA). Patients with
detected ctDNA shows rapid tumor growth when compared to those without detected ctDNA (median
value of volume doubling time: 73 versus 179 days, p = 0.035).
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Figure 4

Kaplan-Meier curve for overall survival by (A) detection of circulating tumor DNA (ctDNA) and (B) ctDNA
level. CtDNA levels were dichotomized by the median value.

Figure 5

Study �owchart. NSCLC, non-small cell lung cancer; EGFR, Epidermal growth factor receptor; ALK,
anaplastic lymphoma kinase; CT, computed tomography; NGS, next-generation sequencing; VAF, variant
allele frequency; hGE, haploid genome equivalent; VDT, volume doubling time.
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