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Aim: To evaluate the value of combined detection of plasma cfDNA concentration and integrity in the
early diagnosis of NSCLC. Methods: Real-time fluorescence quantitative PCR was used to determine
the concentration and integrity of plasma cfDNA in 71 NSCLC patients and 53 healthy people. Results:
Combined detection of plasma cfDNA concentration and integrity had higher diagnostic power in
differentiating NSCLC patients with stage I/II from healthy people than detection of plasma cfDNA
concentration alone or integrity alone. The AUC, sensitivity and specificity of the combined detection
of plasma cfDNA concentration and integrity were 0.781, 0.62 and 0.85. Conclusion: Combined detection
of plasma cfDNA concentration and integrity could improve the diagnostic value in NSCLC detection.

Plain language summary: The discovery of cfDNA has opened up a wide range of new possibilities for the
diagnosis of cancer. CfDNA provides a noninvasive diagnostic approach for early screening, early detection
and monitoring of patients with cancer. Currently, the application of cfDNA in clinical practice for NSCLC
patients has been widely reported, which mainly focused on DNA methylation detection, oncogenic
driver gene mutation detection. However, few studies have evaluated the diagnostic value of combined
detection of plasma cfDNA concentration and integrity for NSCLC patients. Our study suggests that the
combination of plasma cfDNA concentration and integrity has higher AUC value in differentiating NSCLC
patients from healthy individuals than plasma cfDNA concentration alone or integrity alone.
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Lung cancer continues to be the primary cause of cancer-related deaths globally. In the 2020 year, it was estimated
that there were approximately 1.8 million deaths, accounting for 18.00% of all cancer deaths [1]. Lung cancer is
mainly made up of two histologic subtypes: SCLC and NSCLC, with the latter accounting for about 80% of all
lung cancer cases [2]. The early symptoms of lung cancer are often not easily recognizable, leading to most people
at an advanced stage when diagnosed. Therefore, the crucial factors for improving the survival rate of lung cancer
are early detection, early diagnosis and early treatment.

Currently, the primary methods used to screen for early lung cancer include chest x-ray, chest computed
tomography (CT) and blood tumor markers [3–8]. However, chest x-ray has limited effectiveness in detecting small
nodules, chest CT can be costly, and blood tumor markers have lower specificity in the early detection of lung
cancer, therefore, it is crucial to develop new screening strategies for lung cancer.

Recently, blood-derived circulating cell-free DNA (cfDNA) has gained recognition as a promising biomarker
for detecting various malignancies [9–12]. It is widely recognized that apoptotic cells are the primary source of
cfDNA in healthy individuals. The size of cfDNA fragments released by apoptotic cells usually ranges from 185
to 200 bp [13]. In contrast, the main source of cfDNA in cancer patients were necrotic cells, apoptotic cells and
autophagy, thus, the size of cfDNA fragments in cancer patients varies [14,15]. Therefore, detecting the concentration
levels of different lengths of cfDNA could be a promising biomarker for malignant tumor. Numerous studies have
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found that the concentration of cfDNA was higher in various malignancies such as prostate cancer [16], colorectal
cancer [17], breast cancer [18], lung cancer [19] and hepatocellular carcinoma [20]. Furthermore, the cfDNA integrity
index, which was calculated as the ratio of longer DNA fragments to shorter DNA fragments, was also significantly
higher in various cancer patients than in healthy individuals [21–24]. These findings suggested that plasma/serum
cfDNA concentration or integrity had important clinical value in the detection and prognosis of malignant tumor.

Currently, the application of liquid biopsy in clinical practice for NSCLC patients has been widely reported,
which mainly focused on DNA methylation detection [25,26], oncogenic driver gene mutation detection [27,28].
Although there have been some studies of the cfDNA concentration or integrity in NSCLC, little is known about
the diagnostic value of combined detection of plasma cfDNA concentration and integrity in NSCLC patients. The
objective of this study was to assess the diagnostic value of combined plasma cfDNA concentration and integrity
for the early detection of NSCLC. The LINE1 sequence was chosen as the target due to its high abundance in
the human genome, accounting for 17% of the genome [29]. Therefore, quantitative real-time PCR (qPCR) of
LINE1 elements can significantly improve the cfDNA detection accuracy. This study measured plasma cfDNA
concentration and integrity in 71 NSCLC patients and 53 healthy controls. Our results showed that the plasma
cfDNA concentration (LINE1-97 bp and LINE1-266 bp) in NSCLC patients was significantly higher than that of
healthy controls, while the plasma cfDNA integrity (LINE1-266/97) in NSCLC patients was significantly lower
than that of healthy controls. In addition, the combined detection of plasma cfDNA concentration and integrity
can significantly improve the accuracy of early NSCLC diagnosis.

Materials & methods
Plasma samples & clinical pathological information
Plasma samples from 53 healthy People and 71 patients with NSCLC, including stage I (n = 23), II (n = 14), III
(n = 14), and IV (n = 20) were assessed. Blood was drawn before therapeutic intervention. Staging was based on
postoperative histopathology findings for stage 0 to III, and imaging diagnoses were used for stage IV. All NSCLC
patients are staged using the Union for International Cancer Control (UICC) criteria. Patients with NSCLC were
selected by the database coordinator based on those patients treated between 2020 and 2023 at Daping Hospital
of Army Medical University. All participants in this study provided written informed consent before enrollment.
This study was approved by the Medical Ethics Committee of Daping Hospital of Army Medical University and
was carried out according to the relevant guidelines and regulations.

Plasma samples processing & cfDNA extraction
Two milliliter (2 mL) of antecubital venous blood was collected in EDTA-containing tubes before therapeutic
intervention. To eliminate cellular residues as much as possible, all blood samples were centrifuged at 1000 × g for
10 min and then 10000 × g for 10 min. The supernatant plasma was immediately stored at -80◦C until extraction.
Then, cfDNA was extracted from 1 mL of plasma and eluted in 60 μL of H2O by using QIAamp Circulating
Nucleic Acid Kit (Qiagen, Germany) according to the manufacturer’s instructions. The extracted plasma cfDNA
was stored at -80◦C until use.

Quantification of LINE1 elements by qPCR
The target of amplification in this study was the human LINE1 repeat sequence (Gene ID: 54596). The qPCR of
LINE1 elements (LINE1-qPCR) was performed using two different primer sets, amplifying short (LINE1-97 bp)
and long (LINE1-266 bp) products, respectively. The primer sets for LINE1-97 bp and LINE1-266 bp amplicons
were obtained from the literature [20]. The LINE1-97 bp primer sets amplified both long and short DNA fragments,
and the LINE1-266 bp primer sets only amplified long DNA fragments. The reaction mixture for each LINE1-
qPCR consisted of 2 μL of cfDNA template, 2 μL of the forward and reverse primers (0.5 μM), 10 μL of FastStart
Essential DNA Green Master (Roche, Switzerland) and 6 μL of RNase – free water in a total of 20 μL volumes.
The qPCR amplification was performed with precycling heat activation of DNA polymerase at 95◦C for 10 min,
followed 40 cycles of denaturation at 95◦C for 10 sec, annealing at 60◦C for 30 sec and extension at 60◦C for
30 sec in a CFX96 Real-Time PCR Detection System (Bio-Rad, USA). The absolute equivalent amount of LINE1
fragments in each sample was determined by using a standard curve with serial dilutions (i.e., 10 ng to 1 pg)
of prepared genomic DNA from healthy volunteers’ peripheral blood leukocytes. A negative control (no cfDNA
template) was also performed in each reaction plate. All qPCR assays were performed without knowing the identity
of the specimen, and mean values were calculated from duplicate reactions.
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Table 1. The clinical characteristics of patients with NSCLC.
Clinical characteristics NSCLC patients (n = 71)

No. %

Age (years)

≤60 34 47.89

�60 37 52.11

Sex

Male 41 57.75

Female 30 42.25

UICC primary tumor

T1 26 36.62

T2 22 30.99

T3 10 14.08

T4 13 18.31

UICC regional lymph nodes

N0 39 54.93

N1 10 14.08

N2 11 15.49

N3 11 15.49

UICC distant metastasis

M0 51 71.83

M1 20 28.17

UICC stage

I 23 32.39

II 14 19.72

III 14 19.72

IV 20 28.17

UICC: Union for International Cancer Control.

Measurement of plasma cfDNA integrity
Because the LINE1-97-qPCR results represent the total amount of cfDNA; LINE1-266-qPCR results represent
amounts of cfDNA released from tumor cells. Therefore, plasma cfDNA integrity index was calculated as the
ratio of LINE1-qPCR results (LINE1-266-qPCR/LINE1-97-qPCR). Because the annealing sites of LINE1-97 bp
amplicons were within the LINE1-266 bp amplicons annealing sites, thus the qPCR ratio (DNA integrity) is 1.0
when plasma cfDNA template was not truncated and 0.0 when all plasma cfDNA templates was truncated into
fragment smaller than 266 bp. Because the LINE1-97 bp primer sets can amplify most fractions of plasma cfDNA,
thus qPCR results obtained with LINE1-97 primer sets represent the total amount of plasma cfDNA.

Statistical analysis
The concentration and integrity values of plasma cfDNA between the NSCLC patients (stage I/IV) and healthy
control groups were compared using Mann-Whitney U test. Mean values for healthy controls and NSCLC patients
with early and advanced stage groups (i.e., stage I/II and stage III/IV) were compared using Dunnett’s multiple
comparison tests. The receiver operating characteristic (ROC) curve and the area under the curve (AUC) analysis
were used to evaluate the clinical diagnosis value of plasma cfDNA in differentiating NSCLC patients from healthy
controls. The SPSS software (version 22.0) was used for all statistical analysis, and the figures were generated by
using the GraphPad Prism software (version 7.0). P value < 0.05 (two-tailed) was considered statistically significant.

Results
Clinical & pathologic characteristics of patients with NSCLC
There were 71 NSCLC patients (i.e., 41 males and 30 females) and 53 healthy controls in this research. The mean
age was 48.36 and 60.90 years for healthy controls and NSCLC patients, respectively. The clinical and pathologic
characteristics of patients with NSCLC were shown in Table 1. According to the Tumor Node Metastasis (TNM)
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Table 2. Comparison of plasma cfDNA concentration, integrity between NSCLC patients and healthy controls.
Controls Stage I/II Stage III/IV Stage I/IV

No. pts 53 37 34 71

LINE1-97 (ng/ml):

– Mean 12.40 20.94 23.10 21.97

– Median 12.14 19.47 21.20 20.00

– p-value �0.0001 �0.0001 �0.0001

LINE1-266 (ng/ml):

– Mean 3.19 4.36 4.00 4.19

– Median 2.96 3.90 3.79 3.80

– p-value 0.0296 0.0510 0.009

LINE1-266/97 (ng/ml):

– Mean 0.29 0.24 0.22 0.23

– Median 0.26 0.19 0.20 0.19

– p-value 0.0411 0.0310 0.0025

staging system, 71 NSCLC patients were defined as stage I (n = 23), stage II (n = 14), stage III (n = 14), and stage
IV (n = 20), respectively. Among 71 NSCLC patients, 32 cases (i.e., 32/71; 45.07%) had regional lymph node
metastases (LNM) and 20 cases (i.e., 20/71; 28.17%) had distant metastasis.

Comparison of cfDNA concentration between NSCLC patients & healthy controls
To compare the concentration levels of plasma cfDNA between NSCLC patients and healthy controls, the concen-
tration of LINE1-97 bp and LINE1-266 bp fragments were quantified. The mean concentration of LINE1-97 frag-
ment in NSCLC patients with stage I/II, stage III/IV, and in healthy controls were 20.94, 23.10 and 12.40 ng/ml,
respectively (Table 2). The mean values of LINE1-97 fragment were significantly higher in NSCLC patients with
stage I/II (p < 0.0001) and stage III/IV (p < 0.0001) than in healthy controls (Figure 1). However, there was
no statistically significant difference between patients with stage I/II and stage III/IV (p = 0.7893). Similarly, the
mean concentration of LINE1-266 fragment in NSCLC patients with stage I/II and stage III/IV, and in healthy
controls were 4.36, 4.00 and 3.19 ng/ml, respectively (Table 2). The mean value of LINE1-266 fragment was
significantly higher in NSCLC patients with stage I/II than in healthy controls (p = 0.0296, Figure 2). However,
no statistically significant difference was found between patients with stage I/II and stage III/IV (p = 0.8454).

In addition, the area under the ROC curve (AUC) for discriminating NSCLC patients with stage I/II, stage
III/IV from healthy controls by LINE1 fragments concentrations were 0.772 (95% CI: 0.673–0.871), 0.796 (95%
CI: 0.692–0.900), and 0.632 (95% CI: 0.508–0.756), 0.642 (95% CI: 0.523–0.762), respectively (Table 3). When
the cut-off value >18.73 ng/ml, the sensitivity and specificity of the LINE1-97 fragment in distinguishing NSCLC
patients with stage I/II from healthy controls were 0.59 and 0.87, respectively. Similarly, for LINE1-266 fragment,
the sensitivity and specificity are 0.70 and 0.60 when the cut-off value >3.23 ng/ml. These findings indicated that
quantification of LINE1 fragments at various sizes could be used to distinguish patients with NSCLC from healthy
controls.

Comparison of cfDNA integrity between NSCLC patients & healthy controls
Plasma cfDNA integrity was calculated as the ratio of qPCR results (LINE1-266/LINE1-97). The mean plasma
cfDNA integrity in NSCLC patients with stage I/II, stage III/IV and in healthy controls were 0.24, 0.22 and
0.29, respectively (Table 2). The mean value were significantly higher in healthy controls than in stage I/II and in
stage III/IV NSCLC patients (p = 0.0411 and p = 0.0310, Figure 3). However, there was no statistically significant
difference between patients with stage I/II and stage III/IV (p = 0.999).

Furthermore, the AUC of the ROC curve for discriminating stage I/II, stage III/IV NSCLC patients from
healthy controls by plasma cfDNA integrity were 0.655 (95% CI: 0.533–0.776) and 0.661 (95% CI: 0.541–
0.782) (Table 3). When the cut-off value >0.2, the sensitivity and specificity of the cfDNA integrity LINE1-
266/97 in differentiating NSCLC patients with stage I/II from healthy controls were 0.54 and 0.77, respectively.
These findings suggested that plasma cfDNA integrity could be used to distinguish NSCLC patients from healthy
controls.
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Figure 1. Comparison of plasma cfDNA concentration in NSCLC patients and healthy controls. (A) The concentration
of LINE1-97 bp fragment was significantly higher in NSCLC patients with stage I/II and stage III/IV than that of healthy
controls. (B) The concentration of LINE1-97 bp fragment was significantly higher in NSCLC patients with stage I/IV
than that of healthy controls. (C & D) Receiver operating characteristic curves for distinguishing NSCLC patients from
healthy controls.
AUC: Area under the curve.

Correlation between plasma cfDNA & lymph node metastasis in NSCLC patients
Lymph node metastasis (LNM) is one of the most common forms of lung cancer metastatic and is an important
factor in the staging and prognosis of lung cancer. To explore the correlation between plasma cfDNA and lymph
node metastasis, we compared plasma cfDNA concentration and its integrity between LNM-positive patients and
LNM-negative patients.

In 39 LNM-negative patients and 32 LNM-positive patients, the concentrations of plasma cfDNA (LINE1-
97 and LINE1-266) were 22.68, 21.11 ng/ml, and 4.36, 3.97 ng/ml, respectively. The AUC of ROC curve for
distinguishing LNM-positive patients from LNM-negative patients by LINE1 fragments concentrations were 0.532
(95% CI: 0.396–0.668) and 0.506 (95% CI: 0.370–0.641). In addition, the plasma cfDNA integrity values in
39 LNM-negative patients and 32 LNM-positive patients were 0.23 and 0.23, respectively. The AUC of ROC
curve for distinguishing LNM-positive patients from LNM-negative patients by plasma cfDNA integrity was 0.538
(95% CI: 0.403–0.673). However, there was no significant difference in plasma cfDNA concentration or integrity
between LNM-positive patients and LNM-negative patients (Figure 4). These results demonstrated that there is
no significant correlation between plasma cfDNA and lymph node metastasis in NSCLC patients.

Diagnostic value of combined plasma cfDNA concentration & integrity in NSCLC patients
To explore the diagnostic value of combined plasma cfDNA concentration and integrity for early detection
of NSCLC, the sensitivity, specificity and AUC were evaluated. The sensitivity, specificity and AUC of the
combination of LINE1-97 + LINE1-266, LINE1-97 + LINE1-266/97 and LINE1-97 + LINE1-266 + LINE1-
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Figure 2. Comparison of plasma cfDNA concentration in NSCLC patients and healthy controls. (A) The concentration
of LINE1-266 bp fragment was significantly higher in NSCLC patients with stage I/II than that of healthy controls. (B)
The concentration of LINE1-266 bp fragment was significantly higher in NSCLC patients with stage I/IV than in healthy
controls. (C & D) Receiver operating characteristic curves for distinguishing NSCLC patients from healthy controls.
AUC: Area under the curve.

Table 3. Diagnostic value of plasma cfDNA concentration and integrity in non-small-cell lung cancer patients.
Cut-off (ng/ml) Sensitivity Specificity AUC (95% CI)

LINE1-97:

Stage I/II 18.73 0.59 0.87 0.772 (0.673–0.871)

Stage III/IV 16.30 0.74 0.79 0.796 (0.692–0.900)

Stage I/IV 17.56 0.62 0.85 0.783 (0.705–0.862)

LINE1-266:

Stage I/II 3.23 0.70 0.60 0.632 (0.508–0.756)

Stage III/IV 3.73 0.56 0.70 0.642 (0.523–0.762)

Stage I/IV 3.73 0.58 0.70 0.637 (0.540–0.734)

LINE1-266/97:

Stage I/II 0.20 0.54 0.77 0.655 (0.533–0.776)

Stage III/IV 0.20 0.50 0.77 0.661 (0.541–0.782)

Stage I/IV 0.20 0.52 0.77 0.658 (0.563–0.753)

AUC: Area under the curve.
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Figure 3. Comparison of plasma cfDNA integrity in NSCLC patients and healthy controls. (A) The plasma cfDNA
integrity LINE1-266/97 was significantly lower in NSCLC patients with stage I/II and stage III/IV than in healthy
controls. (B) The integrity of LINE1-266/97 was significantly lower in NSCLC patients with stage I/IV than in healthy
controls. (C & D) Receiver operating characteristic curves for distinguishing NSCLC patients from healthy controls.
AUC: Area under the curve.

266/97 were the same, namely 0.62, 0.85 and 0.781, respectively (Table 4). Furthermore, the sensitivity, specificity
and AUC of the combination of LINE1-266 + LINE1-266/97 were 0.73, 0.62 and 0.733, respectively (Table 4).
Particularly, the combinations of LINE1-97 + LINE1-266, LINE1-97 + LINE1-266/97 and LINE1-97 + LINE1-
266 + LINE1-266/97 had higher AUC values than that of LINE1-97 alone, LINE1-266 alone, and LINE1-266/97
alone (Figure 5). These results demonstrated that the combined detection of plasma cfDNA concentration and
integrity can improve the accuracy of early diagnosis of NSCLC.

Discussion
cfDNA is a degraded double-stranded DNA fragment, which present in the plasma/serum, urine and other bodily
fluids of humans. It’s well known that cfDNA has significant clinical value in the early diagnosis and treatment
of many malignant tumors [9–12,30–32]. Plasma cfDNA concentration and integrity may represent a rapid and
noninvasive biomarker, which provides important complementary information for diagnosis, monitoring and
prognosis of cancer patients. Currently, there were many studies on the diagnostic value of cfDNA concentration
or integrity alone in cancer patients, little is known about the diagnostic value of combined detection of plasma
cfDNA concentration and integrity in cancer patients [16–24]. Therefore, to assess the diagnostic value of combined
plasma cfDNA concentration and integrity for the early detection of NSCLC, the sensitivity, specificity and AUC
were evaluated.

In this present study, the LINE1 sequence was chosen as the target due to its high abundance in the human
genome, accounting for 17% of the genome, therefore, quantitative real-time PCR (qPCR) of LINE1 elements
can significantly improve the cfDNA detection accuracy [29]. Our findings suggested that the concentration and
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Figure 4. Correlation between plasma cfDNA and lymph node metastasis in NSCLC patients. (A–C) There was no
significant difference in plasma cfDNA concentration and integrity between lymph node metastasis (LNM)-positive
and LNM-negative patients. (D–F) Receiver operating characteristic curves for distinguishing LNM-positive patients
from LNM-negative patients.
AUC: Area under the curve.
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Table 4. Diagnostic value of combined plasma cfDNA concentration and integrity for NSCLC patients.
Marker AUC Sensitivity Specificity p-value

LINE1-97 0.772 0.59 0.87 �0.0001

LINE1-266 0.632 0.70 0.60 0.0296

LINE1-266/97 0.655 0.54 0.77 0.0411

LINE1-97 + LINE1-266 0.781 0.62 0.85 �0.0001

LINE1-97 + LINE1-266/97 0.781 0.62 0.85 �0.0001

LINE1-266 + LINE1-266/97 0.733 0.73 0.62 �0.0001

LINE1-97 + LINE1-266 + LINE1-266/97 0.781 0.62 0.85 �0.0001
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Figure 5. Diagnostic values of combined plasma cfDNA concentration and integrity in NSCLC patients. (A) ROC curves of LINE1-97,
LINE1-266 and LINE1-266/97 for distinguishing NSCLC patients with stage I/II from healthy controls. (B) ROC curves of the combination of
plasma cfDNA concentration (LINE1-97, LINE1-266) and integrity (LINE1-266/97) for distinguishing NSCLC patients with stage I/II from
healthy controls.
AUC: Area under the curve.

integrity of plasma cfDNA were not associated with demographic characteristics (i.e., age and gender) in healthy
control group. Meanwhile, the concentration of plasma cfDNA was also not related to age or gender in NSCLC
patients group. These results were consistent with previous studies [33], namely plasma cfDNA concentration was
not associated with age and gender in healthy controls group and in NSCLC patients group. However, there
were some opposite opinions. For instance, Jylhava’s study found significant age-related differences in the women,
namely, older women had higher plasma cfDNA level than younger controls [34]. Moreover, Sozzi’s study revealed
that plasma cfDNA concentration had a significant age-related difference in NSCLC patients and in healthy
controls [35]. These results suggested that the potential effects of age or gender on plasma cfDNA level have not
been consistently demonstrated, thus larger cohort studies involving cancer patients and matched case-control
subjects will need to be conducted.

Several studies have demonstrated that the concentration of plasma cfDNA was increased in various cancers
including prostate cancer [16], colorectal cancer [17], breast cancer [18], lung cancer [19] and hepatocellular carci-
noma [20]. In this study, the concentration of plasma cfDNA in patients with NSCLC was markedly higher than
in healthy controls, which was consistent with these previous findings. Meanwhile, we observed that LINE1-97
fragment had higher specificity, sensitivity and AUC values in distinguishing NSCLC patients from healthy controls
compared with LINE1-266 fragment (0.85 vs 0.70, 0.62 vs 0.58, and 0.783 vs 0.637). Specifically, LINE1-97
fragment had higher specificity and AUC values in distinguishing patients with stage I/II NSCLC from healthy
controls than LINE1-266 fragment (0.87 vs 0.60, 0.772 vs 0.632). These findings indicated that quantification of
LINE1-97 fragment is more effective in the early detection of NSCLC.

Furthermore, the integrity of plasma cfDNA LINE1-266/97 was lower in patients with stage I/II and stage
III/IV than in healthy individuals, which was consistent with previous research [36,37]. Impressively, plasma cfDNA
integrity LINE1-266/97 had lower specificity, sensitivity and AUC values than plasma cfDNA concentration
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(LINE1-97) in differentiating patients with stage I/II NSCLC from healthy controls (0.77 vs 0.87, 0.54 vs 0.59,
and 0.655 vs 0.772). Therefore, plasma cfDNA integrity was not competitive enough in the early detection of
NSCLC patients. However, we observed that the integrity of plasma/serum cfDNA was significantly higher in
most cancers than healthy controls and benign disease groups. The reasons for this discrepancy are as follows:
one possible explanation is that the type and length of target fragment vary in different studies; another possible
explanation is that cfDNA was degraded at different rates in various kinds of cancers, resulting in the value of
cfDNA integrity varies; the final possible explanation is that the sample size of the current studies is too small to
draw a unified conclusion.

What’s more, our findings revealed that plasma cfDNA concentration and integrity were not associated with
lymph node metastasis, which was inconsistent with our previous results [38,39]. There are many factors accounting
for this phenomenon, the following are the most typical ones. Firstly, the number of LNM-negative patients
in the blood group was higher than that in the urine group, which may affect the correlation between cfDNA
concentration and lymph node metastasis. Secondly, the component of blood samples is more complex than that
of urine, which may result in different results. Finally, cfDNA in urine is degraded more rapidly than cfDNA in
plasma, which may affect the results. Therefore, more studies are needed to determine whether the plasma cfDNA
concentration was associated with lymph node metastasis.

Although plasma cfDNA concentration or integrity has been extensively studied in cancers, little is known
about the combined diagnostic effect of plasma cfDNA concentration and its integrity in the early of cancers.
To investigate the diagnostic value of combined plasma cfDNA concentration and integrity for early detection of
NSCLC, the sensitivity, specificity and AUC values were assessed. Our results revealed that the combination of
LINE1-97 + LINE1-266 had higher AUC values compared with LINE1-97 or LINE1-266 fragment (Table 4).
Moreover, the combination of LINE1-97 + LINE1-266/97, LINE1-266 + LINE1-266/97 had higher AUC values
compared with LINE1-266/97 (Table 4). Similarly, the combination of LINE1-97 + LINE1-266 + LINE1-266/97
had higher AUC value compared with LINE1-97, LINE1-266 or LINE1-266/97. These results demonstrated that
the combined detection of plasma cfDNA concentration and integrity can significantly improve the accuracy of
early NSCLC diagnosis.

To our knowledge, there have been no studies evaluating the diagnostic value of the combination of plasma
cfDNA concentration and integrity for early detection of NSCLC. Few studies on the concentration and integrity
of plasma cfDNA in the diagnosis of NSCLC were observed. For instance, Leng’s research showed that the AUC
of the plasma cfDNA concentration (ALU-115) and integrity (ALU-247/115) in differentiating NSCLC patients
from healthy individuals were 0.747 and 0.759, respectively. Compared with Leng’s research [33], our study has
slightly higher AUC values (0.781 vs 0.747, 0.781 vs 0.759). Soliman’s study revealed that the AUC of the plasma
cfDNA integrity (ALU-247/115) in distinguishing NSCLC patients from healthy individuals was 0.65 [40]. Our
results have a higher AUC value (0.781 vs 0.65) compared with plasma cfDNA integrity. Szpechcinski’s research
showed that the plasma cfDNA concentration and integrity had slightly higher AUC value than our rseults (0.80
vs 0.781) [19]. Therefore, based on these results, we considered that the combined detection of plasma cfDNA
concentration and integrity is more competitive than either plasma cfDNA concentration alone or integrity alone.

Conclusion
This study shows that plasma cfDNA LINE1 fragments concentration were significantly higher in NSCLC patients
than that of healthy controls. Plasma cfDNA integrity was significantly lower in NSCLC patients than that of
healthy controls. In addition, the combined detection of plasma cfDNA concentration and integrity may be a
promising biomarker for early diagnosis of NSCLC.
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Summary points

• The concentration of LINE1-97 fragment was significantly higher in NSCLC patients than that of healthy controls.
• The concentration of LINE1-266 fragment was significantly higher in NSCLC patients than that of healthy controls.
• The AUC of ROC curve for distinguishing NSCLC patients with stage I/II from healthy controls by the combination

of LINE1-97 + LINE1-266 was 0.781.
• Plasma cfDNA integrity LINE1-266/97 were significantly lower in NSCLC patients with stage I/II and stage III/IV

than in healthy controls.
• The AUC of ROC curve for distinguishing NSCLC patients with stage I/II from healthy controls by

LINE1-97 + LINE1-266 + LINE1-266/97 was 0.781.
• Combined detection of plasma cfDNA concentration and integrity can significantly improve the accuracy of

NSCLC early detection.

References
Papers of special note have been highlighted as: • of interest; •• of considerable interest

1. Sung H, Ferlay J, Siegel RL et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA Cancer J. Clin. 71(3), 209–249 (2021).

• Introduces lung cancer is the most commonly diagnosed cancer and the leading cause of cancer death.

2. Arbour KC, Riely GJ. Systemic Therapy for Locally Advanced and Metastatic non-small-cell Lung Cancer: A Review. JAMA 322(8),
764–774 (2019).

•• Introduces systemic therapy for Advanced and Metastatic NSCLC.

3. Adams SJ, Stone E, Baldwin DR, Vliegenthart R, Lee P, Fintelmann FJ. Lung cancer screening. Lancet 401(10374), 390–408 (2023).

4. Westeel V, Foucher P, Scherpereel A et al. Chest CT scan plus x-ray versus chest x-ray for the follow-up of completely resected
non-small-cell lung cancer (IFCT-0302): a multicentre, open-label, randomised, phase 3 trial. Lancet Oncol. 23(9), 1180–1188 (2022).

5. de Koning HJ, van der Aalst CM, de Jong PA et al. Reduced Lung-Cancer Mortality with Volume CT Screening in a Randomized Trial.
N. Engl. J. Med. 382(6), 503–513 (2020).

6. Aberle DR, Adams AM, Berg CD et al. Reduced lung-cancer mortality with low-dose computed tomographic screening. N. Engl. J. Med.
365(5), 395–409 (2011).

•• Emphasized that low-dose CT screening can reduce the mortality rate of lung cancer.

7. Chen Z, Wang Y, Fang M. Analysis of tumor markers in pleural effusion and serum to verify the correlations between serum tumor
markers and tumor size, TNM stage of lung adenocarcinoma. Cancer Med. 9(4), 1392–1399 (2020).

8. Zhang M, Yan L, Lippi G, Hu ZD. Pleural biomarkers in diagnostics of malignant pleural effusion: a narrative review. Transl. Lung
Cancer Res. 10(3), 1557–1570 (2021).

future science group 10.2217/lmt-2023-0009

http://creativecommons.org/licenses/by-nc-nd/4.0/


Research Article Ren, Yu & Huang

9. Luo H, Wei W, Ye Z, Zheng J, Xu RH. Liquid Biopsy of Methylation Biomarkers in Cell-Free DNA. Trends Mol. Med. 27(5), 482–500
(2021).

10. Jamshidi A, Liu MC, Klein EA et al. Evaluation of cell-free DNA approaches for multi-cancer early detection. Cancer Cell 40(12),
1537–1549 (2022).

• Evaluation of the application of cfDNA in early detection of multiple cancers.

11. Song P, Wu LR, Yan YH et al. Limitations and opportunities of technologies for the analysis of cell-free DNA in cancer diagnostics. Nat.
Biomed. Eng. 6(3), 232–245 (2022).

• Introduces the limitations and opportunities of cfDNA in cancer diagnostics.

12. Nikanjam M, Kato S, Kurzrock R. Liquid biopsy: current technology and clinical applications. J. Hematol. Oncol. 15(1), 131 (2022).

• Shows the importance of Liquid biopsy.

13. Giacona MB, Ruben GC, Iczkowski KA, Roos TB, Porter DM, Sorenson GD. Cell-free DNA in human blood plasma: length
measurements in patients with pancreatic cancer and healthy controls. Pancreas 17(1), 89–97 (1998).

14. Snyder MW, Kircher M, Hill AJ, Daza RM, Shendure J. Cell-free DNA Comprises an In Vivo Nucleosome Footprint that Informs Its
Tissues-Of-Origin. Cell 164(1–2), 57–68 (2016).

15. Jahr S, Hentze H, Englisch S et al. DNA fragments in the blood plasma of cancer patients: quantitations and evidence for their origin
from apoptotic and necrotic cells. Cancer Res. 61(4), 1659–1665 (2001).

16. Mehra N, Dolling D, Sumanasuriya S et al. Plasma Cell-free DNA Concentration and Outcomes from Taxane Therapy in Metastatic
Castration-resistant Prostate Cancer from Two Phase III Trials (FIRSTANA and PROSELICA). Eur. Urol. 74(3), 283–291 (2018).

17. Yeh YM, Lin PC, Lee CT et al. Treatment monitoring of colorectal cancer by integrated analysis of plasma concentration and sequencing
of circulating tumor DNA. Mol. Cancer 19(1), 150 (2020).

18. Yu D, Tong Y, Guo X et al. Diagnostic Value of Concentration of Circulating Cell-Free DNA in Breast Cancer: A Meta-Analysis. Front
Oncol. 9, 95 (2019).

19. Szpechcinski A, Rudzinski P, Kupis W, Langfort R, Orlowski T, Chorostowska-Wynimko J. Plasma cell-free DNA levels and integrity in
patients with chest radiological findings: NSCLC versus benign lung nodules. Cancer Lett. 374(2), 202–207 (2016).

•• Plasma cfDNA levels and integrity play an important role in distinguishing NSCLC patients from benign lung nodules patients.

20. Kumar S, Nadda N, Paul S et al. Evaluation of the cell-free DNA integrity index as a liquid biopsy marker to differentiate hepatocellular
carcinoma from chronic liver disease. Front Mol. Biosci. 9, 1024193 (2022).

21. Vizza E, Corrado G, De Angeli M et al. Serum DNA integrity index as a potential molecular biomarker in endometrial cancer. J. Exp.
Clin. Cancer Res. 37(1), 16 (2018).

22. Salvianti F, Giuliani C, Petrone L et al. Integrity and Quantity of Total Cell-Free DNA in the Diagnosis of Thyroid Cancer: Correlation
with Cytological Classification. Int. J. Mol. Sci. 18(7), 1350 (2017).

23. Zhu F, Ma J, Ru D et al. Plasma DNA Integrity as a Prognostic Biomarker for Colorectal Cancer Chemotherapy. J. Oncol. 2021,
5569783 (2021).

24. Zhang R, Pu W, Zhang S et al. Clinical value of ALU concentration and integrity index for the early diagnosis of ovarian cancer: a
retrospective cohort trial. PLOS ONE 13(2), e0191756 (2018).

25. Liu B, Ricarte Filho J, Mallisetty A et al. Detection of Promoter DNA Methylation in Urine and Plasma Aids the Detection of
non-small-cell Lung Cancer. Clin. Cancer Res. 26(16), 4339–4348 (2020).

26. Janke F, Angeles AK, Riediger AL et al. Longitudinal monitoring of cell-free DNA methylation in ALK-positive non-small-cell lung
cancer patients. Clin. Epigenetics 14(1), 163 (2022).

27. Fois SS, Paliogiannis P, Zinellu A, Fois AG, Cossu A, Palmieri G. Molecular Epidemiology of the Main Druggable Genetic Alterations in
non-small-cell Lung Cancer. Int. J. Mol. Sci. 22(2), 612 (2021).

28. Heitzer E, van den Broek D, Denis MG et al. Recommendations for a practical implementation of circulating tumor DNA mutation
testing in metastatic non-small-cell lung cancer. ESMO Open 7(2), 100399 (2022).

29. Pinter TBJ, Ruckthong L, Stuckey JA, Deb A, Penner-Hahn JE, Pecoraro VL. Open Reading Frame 1 Protein of the Human Long
Interspersed Nuclear Element 1 Retrotransposon Binds Multiple Equivalents of Lead. J. Am. Chem. Soc. 143(37), 15271–15278 (2021).

30. Zhitnyuk YV, Koval AP, Alferov AA et al. Deep cfDNA fragment end profiling enables cancer detection. Mol. Cancer 21(1), 26 (2022).

31. An Y, Zhao X, Zhang Z et al. DNA methylation analysis explores the molecular basis of plasma cell-free DNA fragmentation. Nat.
Commun. 14(1), 287 (2023).

32. Tivey A, Church M, Rothwell D, Dive C, Cook N. Circulating tumour DNA – looking beyond the blood. Nat. Rev. Clin. Oncol. 19(9),
600–612 (2022).

33. Leng S, Zheng J, Jin Y et al. Plasma cell-free DNA level and its integrity as biomarkers to distinguish non-small-cell lung cancer from
tuberculosis. Clin. Chim. Acta 477, 160–165 (2018).

10.2217/lmt-2023-0009 Lung Cancer Manag. (2024) LMT65 future science group



Diagnostic value of combined detection of plasma cfDNA concentration & integrity in NSCLC Research Article
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