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Objective The aim of this study was to study the quantitative expression of circulating tumour DNA
(ctDNA) in patients with non-small cell lung cancer (NSCLC) before and after radical operation and to
explore the correlation between gene mutations in non-small cell lung cancer tissues and those in ctDNA.

Methods We randomly assigned 5 NSCLC patients from the Department of Thoracic Surgery of Fujian
Medical University Union Hospital. All the patients had undergone radical surgery. Venous blood samples
were collected from the 5 NSCLC patients at two time points (before the operation and 21-37 days after the
operation) for monitoring ctDNA levels. This was done by isolating plasma from venous blood using high
velocity centrifugation, extracting DNA from the plasma using the QlAamp Circulating Nucleic Acid kit, and
then quantifying the ctDNA levels. The results were analyzed using the Wilcoxon Rank Sum Test. Moreover,
the ctDNA levels were compared with those of carcinoembryonic antigen (CEA), which was detected
simultaneously with the ctDNA. Then, DNA samples from the tumor tissues and peripheral blood cells and
ctDNA were sequenced using the Hiseq2000 sequencing platform (lllumina) and the mutant genes were
screened out. Mutations that occurred within the tumor tissues were used as positive control, whereas
those found in the pre-operative blood cells were used as a negative control. Based on the mutational
analysis of ctDNA genes, a total of 508 cancer-related genes were screened.

Results The median values of the pre- and post-operative ctDNA levels in the 5 patients with NSCLC
were 0.612 (0.518-0.876) and 0.430 (0.372-0.612) ng/pL, respectively. There was a significant difference
between the two groups (P < 0.05). The pre-operative CEA level was slightly higher than the post-operative
level (P> 0.05). In one of the cases, LC tissues showed multiple mutations, consistent with pre-operative
ctDNA. Moreover, isogenic mutations of the same type were not detected in post-operative ctDNA or
peripheral blood cells.

Conclusion Mutations found in the lung cancer (LC) ctDNA gene were consistent with the mutation
type of LC tissue. Hence, the quantitative and qualitative analysis of ctDNA is a promising novel molecular
biomarker for the evaluation of tumor burden changes in NSCLC.
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Lung cancer (LC) is a type of malignant cancer with
a very high mortality rate worldwide. In China, its
morbidity and mortality rates are the highest and non-
small cell lung cancer (NSCLC) is the most common form
of this disease. ctDNA is a type of circulating cell-free
DNA (ccfDNA) fragment found in the plasma or serum
and it is released due to tumor cell apoptosis, necrocytosis,
or proactive release 2. ccfDNA is extracellular in
nature and is found at extremely low levels in normal
human tissues. In 1977, Leon et al. discovered that the
DNA levels in the plasma of tumor patients was greatly
increased and based on this revelation, several studies
further investigated the applications of ccfDNA for
the early diagnosis of tumors, real-time monitoring of
therapeutic effects, and prediction of relapse . ccfDNA
levels were also found to be abnormally increased in
patients with ovarian, gastric, and breast cancers *°.
Newman et al. reported that the ctDNA level can reflect
the changes in the tumor burden in early or terminal
NSCLC after various types of treatments 7. Therefore,
ctDNA is a promising novel molecular biomarker for the
early diagnosis and evaluation of malignant tumors.

Materials and methods

Clinical data and inclusion criteria for relevant
mutant genes

All patients included in the study had no previous
history of other tumors, distant organ metastasis,
chronic liver, kidney, endocrine and immune system
diseases before the operation, and had not received any
radiotherapy, chemotherapy or immunotherapy (Table
1).

According to the catalog of somatic mutations in
cancer (COSMIC) database, the genes that qualified the
inclusion criteria (a total of 508 genes) referred to the high
frequency mutant genes in various tumors and signaling
pathways related to cancer occurrence and development.

Methods
Separation of tumor, plasma and blood cell samples
Venous blood (5 mL) was drawn into EDTA-coated
anticoagulant tubes, centrifuged for 10 min at 1600 g
(4 °C), and the supernatant containing the plasma was

Table 1 Clinical data of five patients with non-small cell lung cancer (n)
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separated. The blood cells were collected and stored at
—80 °C. The plasma was further centrifuged for 10 min at
16000 g (4 °C) to remove the residual cells and stored at
—80 °C until further use.

Fresh tissues were removed immediately after tumor
resection, approximately 0.5 cm? of tumor tissue mass was
cut and then, these samples were stored at -80 °C.

Extraction of sample DNA and quantitative
determination of ctDNA

DNA extraction from all the tissues and peripheral
blood cell samples was performed using QIAGEN QIAamp
DNA and blood mini kits (QIAGEN, USA), according to
the manufacturer’s instructions.

The extraction of free DNA from the plasma was
performed using the QIAamp circulating nucleic acid
kit, according to the manufacturer’s instructions, and
the extracted DNA was quantified using the Qubit
(Invitrogen, the Quant-iTTM dsDNA HS Assay Kit)
quantometer.

Detection of gene mutations

A customized chip 140119 _HG19_CAN_panel EZ_
HX3 (1.7M) was obtained from Roche and was used to
capture sequence hybridization. Hiseq2000 sequencing
platform (Illumina) was used for sequencing. GATK
(2.3.9) and other software were used to identify somatic
SNV, INDEL and CNV.

Quantitative determination of CEA

Venous blood (3 mL) was drawn, and CEA was
detected using automated immunoassay system (E601,
Roche) using the original reagents according to the
manufacturer’s instructions.

Results

ctDNA And CEA levels in patients with NSCLC

As shown in Table 2, the median values of pre- and
post-operative ctDNA levels in the five patients with
NSCLC were 0.612 (0.518-0.876) and 0.430 (0.372-0.612)
ng/uL, respectively. The pre-operative ctDNA level was
significantly higher than the post-operative level (P <
0.05; Table 2).

The median values of pre- and post-operative CEA
levels in the five patients were 3.90 (2.25-6.20) and 1.90
(1.55-4.95) ng/mL, respectively. The pre-operative CEA

No. Gender Age (years) Pathology TNM Stage* Clinical stage
1 Female 59 Invasive adenocarcinoma TIN2MO lla
2 Male 62 Median differentiated squamous carcinoma T2NOMO Ib
3 Male 56 Median differentiated squamous carcinoma T2N1MO lb
4 Male 61 High differentiated squamous carcinoma TINIMO lla
5 Male 61 Invasive adenocarcinoma T2NOMO Ib

TNM staging was developed by American Joint Committee on Cancer (AJCC) and Union for International Cancer Control (UICC) in 2002
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Table 2 Concentrations of ctDNA and CEA
ctDNA (ng/pL)
(Quartile range)
0.612 (0.518-0.876)

CEA (ng/mL)
(Quartile range)
3.90 (2.25-6.20)

Group

Before operation

After operation 0.430 (0.372-0.612) 1.90 (1.55-4.95)
Z -2.023 -0.944
P 0.043* 0.345™

* Comparison of pre- and post-operative ctDNA levels after 28 days in five
patients with non-small cell lung cancer (P < 0.05); ** Comparison of the
first and second CEA levels in patients with non-small cell lung cancer (P
> 0.05)

level was slightly higher than the post-operative level
(P >0.05).

Although there was a difference in the detection
time of ctDNA and CEA before operation, all patients
had non-excised lung tumor tissue before operation.
The median detection time of both indices in blood
samples after the operation was 26 days, assuming that
the sampling occurred at the same time.

Pre-operative ctDNA and CEA levels were higher
than the post-operative levels, but only the ctDNA levels
showed significant difference (P < 0.05; Table 2). The
comparison of pre- and post-operative ctDNA and CEA
levels in five patients is shown in Fig. 1.

Mutations found in NSCLC tissue, peripheral
blood cells, and ctDNA

The samples from five patients showed several mutant
genes in tumor tissues as well as pre- and postoperative
ctDNA (Table 3). A total of 85 mutant genes were
detected, with 42 genes detected in the lung tumor
tissue, 26 in pre-operative ctDNA, 15 in post-operative
ctDNA, and two in pre-operative peripheral blood cells.
No mutant genes were found in the post-operative
peripheral blood. The mutant genes found were either
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Fig. 1 Comparison of pre- and post-operative ctDNA and CEA levels in
five patients
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Table 3 Number of mutant genes detected in samples
No Pre-operative Post-operative Tumor Peripheral

' ctDNA ctDNA tissue blood cells
1 4 1 3 0
2 9 2 12 0
3 6 0 5 0
4 4 6 17 1
5 3 6 5 1

oncogenes or tumor suppressor genes involved in tumor
cell signal transduction, regulation of gene transcription,
cell proliferation, differentiation, apoptosis, migration,
invasion, and metastasis (Table 3).

The mutations in the pre-operative ctDNA were
compared with those found in the tumor tissues, post-
operative ctDNA and pre-operative blood cells, and the
results were as follows: LC tissue showed mutations
consistent with pre-operative ctDNA in one case (case no.
2),and the gene and the site location of the mutations were
found to be similar. There were eight pairs of identical
mutant genes between tumor tissues and pre-operative
ctDNA (TP53, PTEN, KMT2D, TET2, CDK12, PRPF40B,
RUNXI1T1, and NTRK3) in this patient. Moreover, after
excision of LC tissue, the same type of isogenic mutation
was not detected in ctDNA of this patient. A consistent
gene mutation (ASXL1) was also detected between pre-
and post-operative ctDNA in one case (No. 5). However,
this mutation was not detected in the tumor tissue or
peripheral blood cells, suggesting that it might not be
derived from the excised tumor tissue.

The average numbers of mutant genes found in the
four sample types were in the following order: tumor
tissue > pre-operative ctDNA > post-operative ctDNA >
peripheral blood cells. There were significant differences
in the number of mutant genes between the tumor tissue
and peripheral blood cells, and between pre-operative
ctDNA and peripheral blood cells (P < 0.05). In case of
the other pairwise comparisons, especially the pre- and
post-operative ctDNA showed no statistical difference (P
> 0.05).

No significant positive or negative correlation was
found in the number of mutant genes in ctDNA and their
individual levels. In only three cases, a uniform decrease
was seen in the pre- and post-operative ctDNA levels, and
two cases of these cases actually showed decreased level
but increased number.

We detected three genes (KMT2D, EGFR and TP53) in
this study that were amongst the top 20 mutanted genes
for LC according to the COSMIC database. The TP53
mutation was detected in three cases, for one of which
it was found in the pre-operative ctDNA. Four KMT2D
mutations were detected in two cases. Besides the similar
mutation types of KMT2D found in ctDNA and tumor,
we also found two different types of mutations in KMT2D
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in one of patient’s tumor tissue. Two mutations in EGFR
were detected, and the mutation of L858R, which is a
drug target site, was also detected in the tumor tissues of
two patients (Table 4).

Discussion

LC is a malignant tumor with a high morbidity rate
worldwide. While the preferred treatment for early-stage
LC is surgical resection, only about 50% patients achieve
a high long-term survival rate with a good quality of life.
In particular, patients with NSCLC easily relapse and
develop metastasis within a short duration after operation
8], Since there are no sensitive tumor biomarkers available
for imaging examination, the search for an efficacious,
simple, and highly accurate clinical biomarker is a
research hotspot in tumor biology.

Compared to the traditional protein tumor biomarkers,
when ctDNA with specific mutations and other
cancer-related genetic changes is used as a marker, the
probability of false positivity is significantly reduced
and better specificity is also observed. Clinical tumor
markers are easily influenced by other lesion factors.
However, the half-life of ctDNA is shorter than those
of protein markers, therefore, it represents the current
status of the tumor ' and is more appropriate for real-
time monitoring of tumors. Detection of CEA levels in
the serum is also very important for the evaluation of
prognosis of LC. For example, Yang et al found that the
CEA level continuously declined in patients with non-
relapsed NSCLC after operation, and the post-operative

http://otm.tjh.com.cn

CEA level greatly decreased within one month !'l. Tan
et al reported that the post-operative CEA level was
significantly different from the pre-operative level within
seven days of operation ['"2. Similarly, in our study, we
noticed that the CEA level decreased as compared to the
pre-operative level and could be detected up to 26 days
after the operation. However, there was no significant
difference between the two levels and this can perhaps
be due to the small sample size. The ccfDNA level in
the tumor samples is higher than in normal samples, as
demonstrated by the studies on ctDNA and tumors 5.
Furthermore, ctDNA level shows obvious correlation
with tumor cell burden 3. Imberger et al. also found that
the post-operative ctDNA levels was greatly reduced and
evenreached normallevelsin patients with ovarian cancer
after successful operation. However, increased ctDNA
levels after operation might be caused by ineffective
treatment or systemic disease '*. Among the five cases
investigated in our study, the post-operative ctDNA level
was significantly reduced compared to pre-operative
ctDNA level, consistent with the previous reports. Jung et
al showed that the continuously increasing cfDNA level
could reflect the possibility of a relapse earlier than that
predicted using the CEA marker or imaging examination
in patients who have undergone esophageal resection ['°..
In our study, the quantitative comparison of pre- and
post-operative ctDNA and CEA levels in NSCLC patients
showed a decreasing trend, which was significantly
different for ctDNA, suggesting that ctDNA was more
sensitive for detection of surgical efficacy. Hence, the
quantitative analysis of ctDNA has potential application

Table 4 Genes mutated > two times out of the 508 genes and their corresponding distribution (n)

Gene Total number of times ~ Number of cases/person  Tumor tissue/time Pre-operative ctDNA/time  Post-operative ctDNA/time
TP53 4 3 3 1 0
KMT2D 4 2 2 1 1
CHD4 3 2 1 0 2
NTRK3 3 2 2 1 0
GNAQ 2 2 0 2 0
ASXL1 2 1 0 1 1
ABL2 2 2 1 1 0
EGFR 2 2 2 0 0
NOTCH2 2 2 1 1 0
PTEN 2 1 1 1 0
TET2 2 1 1 1 0
NOTCH1 2 2 1 1 0
PRPF40B 2 1 1 1 0
CDK12 2 1 1 1 0
RUNX1T1 2 1 1 1 0
EPHB2 2 2 1 0 1
PTCH1 2 2 2 0 0
KMT2C 2 1 0 2 0
AXL 2 2 0 2 0
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in the early diagnosis of LC; however, the evaluation of
its clinical efficacy and the improvement of its relevance
in translational medicine are required. However, in our
study, the sample size was relatively small and future
studies using larger sample sizes should be performed.

A total of 508 genes were analyzed in our study,
including the highly comprehensive detection of genes
relevant to LC. The genes detected were either oncogenes
or tumor suppressor genes involved in tumor cell
signaling transduction, regulation of gene transcription,
cell proliferation, differentiation, apoptosis, migration,
invasion, and metastasis. In this study, we found that the
mutation frequency of TP53 was high. Previous studies
have reported that point mutations of TP53 are detected
in the ctDNA of patients with colorectal, lung, liver,
breast, and head and neck cancers!!*'7]. Recently, Chen
et al reported that the co-exist of tumor mutations and
ctDNA mutation was up to 26% of breast cancer cases '8,
Similarly, in our study, KMT2D gene was detected several
times, which is one of the genes that shows high mutation
rate, according to the COSMIC database. However, there
are few reports about its effective mechanism in tumors,
or co-existence of its mutation with tumor in ctDNA
detection. Sahoo et al demonstrated that the mutation
rate of EGFR was 30%-50% in Asian NSCLC patients %!,
Peng et al reported that the mutation rate of EGFR was
17.7% in plasma ctDNA in 96 pairs of LC!?®! .Furthermore,
Lee et al showed that the EGFR mutation type found
in the plasma was the same as that found in the tumor
with a coincidence rate of 59.6%, compared to the LC
tissue 2. Taken together, these three studies suggested
that approximately half of the mutation-positive EGFR
genes found in NSCLC patients could be detected using
peripheral ctDNA: an EGFR gene mutation was detected
in LC tissues in two cases, but no mutation was detected
in ctDNA. Hence, the detection of the mutations in the
ctDNA gene can be used for tumor efficiency monitoring,
prognosis evaluation, prediction of disease progression
and survival time, drug selection, and drug resistance.
Due to the low sensitivity and specificity of single-gene
diagnosis and evaluation, the presence of a mutant gene
cannot be used as the sole marker for tumor diagnosis.
However, a combination of quantitative and qualitative
analyses of ctDNA with other tumor markers has shown
higher accuracy for the diagnosis and prognosis of tumors,
compared to a single indicator.

Notably, ctDNA is highly relevant in tumors, and the
mutation of the LC ctDNA gene is found to be consistent
with the mutation type of LC tissue, further proving
the tumor derivation of ctDNA. When compared to
traditional tumor markers, ctDNA is sensitive to tumor
burden changes, which indicates that the quantitative
and qualitative analysis of ctDNA is a promising novel
molecular biomarker for the evaluation of tumor burden
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changes in NSCLC. Our study had some limitations, such
as a small sample size and short follow-up period. Having
said that, this was just a preliminary study. Further high
quality, multicenter, clinical studies with large sample
sizes focusing on the correlation of ctDNA and LC
diagnosis are needed to provide a novel strategy for the
prophylaxis and treatment of LC.
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