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considered as the most effective examination method
for asymptomatic or early lung cancer ). Generally,
the definition of CT image is positively correlated

INTRODUCTION

As the most common type of lung cancer, non-

small cell lung cancer (NSCLC) generally has no
obvious symptoms in the early stage, and lung
parenchymal lesions have no obvious specificity, so
missed diagnosis and misdiagnosis are easily caused,
and most patients have been in the mid-late stage
when diagnosed (). As a result, patients have a poor
prognosis and a low survival rate. Besides, the
asymptomatic survival rate of patients with
adenocarcinoma in  situ and microinvasive
adenocarcinoma who receive early diagnosis and
radical surgery is almost up to 100% (?). Therefore,
early screening and diagnosis are highly
recommended to effectively improve the prognosis of
patients and to reduce the mortality rate.

Chest spiral computed tomography (CT) is

with radiation dose. However, long-term exposure to
high-dose radiation can easily cause harm to the
human body, and may lead to cataract, fetal
malformation, sterility, and even leukemia and other
malignancies 4. Later, low-dose CT (LDCT) was
proposed and applied in early screening. The
effective dose of LDCT is less than 1.5 mSyv, far lower
than that of routine CT ). Currently, LDCT is the only
imaging screening method able to reduce the
mortality of lung cancer (6. In addition, it lowers the
dose while ensuring high sensitivity, thus reducing
radiation damage to the human body and medical
expenses (7). Kalinke et al. found that LDCT produced
images whose quality reached the diagnostic
standard while reducing the radiation dose, and the
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shortened total scanning time helped prolong the
service life of CT tubes and decrease the examination
cost ®). Reich showed that there were no significant
differences in the detection rate of early lung cancer
and the image quality score between LDCT and
conventional-dose CT ®). In addition, normal lung
tissues have a high-contrast structure and contain a
large amount of gas, thus reducing the X-ray
absorption rate (19), Therefore, LDCT is highly suitable
for the screening and diagnosis of early
asymptomatic lung cancer.

Serum tumor markers have diagnostic values for
NSCLC (1. CEA is highly expressed in malignancies
such as lung cancer and closely related to tumor
growth and metastasis, which is currently the most
widely-used serum tumor marker (12). Additionally,
CYFRA21-1 has a high diagnostic value for a variety
of types of lung cancers, which can effectively reflect
the changes in tumor volume and predict the
chemotherapy effect on patients in the advanced
stage (13). Moreover, NSE secreted by neuroendocrine
tissues and neurogenic cells is a protease considered
as an ideal tumor marker for small cell lung cancer.
Its level also rises in the case of NSCLC, which can
predict the prognosis of patients (14,

Until now, there are few reports on the diagnostic
value of LDCT combined with serum tumor markers
for NSCLC.

In the present study, therefore, the pathological,
imaging and serological data of 176 patients
suspected of NSCLC were retrospectively analyzed,
aiming to assess the diagnostic value of LDCT
combined with serum tumor markers for early NSCLC
detection.

MATERIALS AND METHODS

General data

The clinical data of 176 patients suspected of early
NSCLC screened in our hospital from March 2017 to
April 2022 were retrospectively collected. This study
has been reviewed and approved by the medical
ethics committee of our hospital on March 4th, 2017
(approval No. SPCH201703002). There were 101
males and 75 females aged (60.26+7.38) years old on
average.

The inclusion criteria were as follows: patients
definitely diagnosed by histology and cytology after
fiberoptic bronchoscopy, needle biopsy or tissue
specimens surgically resected; first-diagnosed early
cases without receiving any treatment before this
study; those with complete clinical data; those
undergoing LDCT and serum tumor marker
detection; those who and whose families signed the
informed consent.

The exclusion criteria were as follows: patients
with other types of lung cancer or complicated with
malignancies of other organs; those with obvious
damage or severe dysfunction of vital organs; those

with consciousness or mental disorders.

LDCT and image analysis

The patient received breathing training prior to
the scan, and then lay on the CT bed on the back,
followed by continuous scan using 64-row 128-slice
CT scanner (GE Healthcare, USA) under plain scan
and volume scan modes from the superior aperture
of thorax to the bilateral adrenal glands during a
single end-inspiratory breath-hold. Iohexol was
utilized as the contrast agent (GE Healthcare, USA).
The scanning parameters were set as follows: tube
voltage: 100-120 kV, fixed or automatic tube current
modulation, tube current: 30-50 mAs, slice thickness:
5.0 mm, reconstruction slice thickness and interval:
1.0 mm, FOV: 350 mm’350 mm, matrix: 512°512,
filter function was reconstructed using lung
algorithm and standard algorithm, and the effective
scanning dose should be less than 1.5 mSv.

After the scan, the images were transferred to the
image workstation of the CT scanner for post-
processing, and independently and blindly
interpreted by two experienced chest imaging
diagnosticians. The assessment results were based on
the principle of consistency. In the case of
disagreement, the images were interpreted and
analyzed by a third senior physician.

Detection of serum tumor markers

Within 2 weeks after LDCT and before treatment,
5 mL of fasting peripheral venous blood was drawn
from each patient, and the levels of serum
carcinoembryonic antigen (CEA, normal range: 0-4.3
ng/mL), cytokeratin 19 fragment antigen 21-1
(CYFRA21-1, normal range: 0-2.17 ng/mL) and
neuron specific enolase (NSE, normal range: 0-15.2
ng/mL) were detected using Cobas 6000
chemiluminescence meter (Roche, Switzerland) and
supporting  kits  strictly according to the
manufacturer’s  instructions  (Thermo  Fisher
Scientific, USA). One or more serum tumor markers
exceeding the normal range were considered
positive, while all tumor markers within the normal
range were considered negative.

Detection of serum tumor markers combined with
LDCT

If any one of serum tumor markers (CEA,
CYFRA21-1 and NSE) and LDCT showed positive
result, the patient was diagnosed with NSCLC.

Diagnostic indices

True positive means that the subject has a disease
and is actually determined as positive, while false
positive means that the subject has no disease but is
determined as positive. True negative means that the
subject has no disease and is actually determined as
negative, while false negative means that the subject
has a disease but is determined as negative.
Sensitivity is also known as true positive rate:
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sensitivity = true positive cases / (true positive cases
+ false negative cases). Specificity is also known as
true negative rate: specificity = true negative cases /
(true negative cases + false positive cases). Accuracy
= (true positive cases + true negative cases) / (true
positive cases + true negative cases + false positive
cases + false negative cases) "100%.

Statistical analysis

SPSS 21.0 software (IBM Inc., USA) was used for
statistical analysis. Numerical data were expressed as
percentage [n (%)], and compared using the x?2 test.
Measurement data were expressed as mean *
standard deviation (‘x#s), and compared using the
independent-samples t test. The consistency was
analyzed by the Kappa test. The Kappa coefficients of
0.41-0.60, 0.61-0.80 and 0.81-1.00 indicated
moderate, high and markedly high consistency,
respectively. a=0.05 was set as the test level, and
P<0.05 was considered statistically significant.

RESULTS

Pathological diagnosis results

Among the 176 suspected patients, there were
142 cases of early NSCLC, including 64 cases of
squamous cell carcinoma and 78 cases of
adenocarcinoma. Benign lesions were found in the
remaining 34 cases, including 26 cases of
inflammatory lesions and 8 cases of tuberculosis.

LDCT imaging characteristics of patients with
early NSCLC

Among the 142 cases of early NSCLC, there were
81 cases of solid lesions, including 59 cases of typical
solid nodules, mainly manifested as solid nodules,
with pleural traction, speculated sign and lobulated
sign, and ventilated bronchial tubes or vacuoles in a
few nodules. There were 12 cases of atypical nodules,
in which one type had imaging characteristics of
chronic inflammatory lesions or benign tumors,
irregular shape, thick-long cord- and sharp angle-like
changes, and no ventilated bronchial tubes inside,
and the other type had no lobules and spicules but
only shallow lobules with smooth edges. Additionally,
there were 10 cases of irregular types, manifested as
highly irregular non-nodular lesions, with ventilated
bronchial tubes inside and cord-like shadow around,
pleural traction or shrinkage.

Among the 55 cases of part-solid nodules, there
were 34 cases of part-solid nodular type, manifested
as uneven density inside the nodules and ground-
glass opacity of unequal components, with ventilated
bronchial tubes, vacuoles and pleural traction. There
were 11 cases of part-solid cystic cavity type, i.e. part-
or total-solid wall nodules manifested as irregular
cystic wall thickening. Moreover, there were 10 cases
of part-solid irregular type, similar to solid irregular
lesions, but with ground-glass opacity at the edge.

The non-solid nodular lesions in the remaining 6
cases were manifested as pure ground-glass opacity
with uneven density.

The diameter of tumors was 0.71-3.32 cm, with an
average of (2.35+0.64) cm. The lesions were located
in the superior lobe of left lung in 48 cases, inferior
lobe of left lung in 31 cases, superior lobe of right
lung in 32 cases, and inferior lobe of right lung in 25
cases. The representative LDCT images of different
types of lesions are exhibited in figure 1.

Figure 1. LDCT imaging characteristics of patients with early
NSCLC. A: Typical solid nodule; B: irregular solid nodule; C:
part-solid nodule; D: part-solid cystic cavity type; E: part-solid
irregular type; F: non-solid nodular lesion. LDCT: Low-dose
computed tomography; NSCLC: non-small cell lung cancer.
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Levels of serum tumor markers in patients with
early NSCLC

The levels of serum CEA, CYFRA21-1 and NSE in
patients with early NSCLC were significantly higher
than those in patients with benign lesions (P<0.001)
(table 1).

Table 1. Levels of serum tumor markers in patients with early
NSCLC.

Pathological CEA CYFRA21-1 |NSE (ng/mL,
diagnosis (ng/mL, “x * s)|(ng/mL, x £ s) ‘X ts)

NSCLC 142| 48.58 +9.61 | 4.02+1.35 |25.19+8.33

Benign lesion |34 | 3.02+0.73 | 1.31+0.52 | 9.58 +2.67
t 27.565 11.482 10.774
P <0.001 <0.001 <0.001

CEA: Carcinoembryonic antigen; CYFRA21-1: cytokeratin 19 fragment
antigen 21-1; NSCLC: non-small cell lung cancer; NSE: neuron specific
enolase.

Comparisons between different examination
methods and pathological results

Among the 142 patients with early NSCLC, there
were 119 positive cases and 23 negative cases by
LDCT, 125 positive cases and 17 negative cases by
tumor marker detection, and 137 positive cases and 5
negative cases by combined examination. Among the
34 patients with benign lesions, there were 8 positive
cases and 26 negative cases by LDCT, 6 positive cases
and 28 negative cases by tumor marker detection,
and 4 positive cases and 30 negative cases by
combined examination (table 2).

Consistency between different examination
methods and pathological results
LDCT combined with serum tumor markers had a
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higher Kappa coefficient than those of LDCT and
serum tumor markers, indicating that it had the
highest consistency with pathological diagnosis
results (P<0.001) (table 3).

Table 2. Comparisons between different examination methods
and pathological diagnosis results.

Pathological LDCT Tumor marker Com.bm(-':-d
n examination

diagnosis Positive|[Negative|Positive|Negative| Positive [Negative
NSCLC [142| 119 23 125 17 137 5
Benign 13,1 g | 26 | 6 | 28 4 30
lesion

LDCT: Low-dose computed tomography; NSCLC: non-small cell lung
cancer.

Table 3. Consistency between different examination methods
and pathological diagnosis results.

Kappa |95% confidence p
coefficient interval

LDCT 0.516 0.371~0.661 [<0.001

Tumor marker 0.626 0.489 ~0.763 |<0.001

Combined examination | 0.838 0.735~0.941 [<0.001

LDCT: Low-dose computed tomography.

Examination method

Diagnostic values of different examination
methods

No significant difference was found in the
specificity among the three examination methods
(P=0.445). Both sensitivity and accuracy of LDCT
combined with serum tumor markers were higher
than those of LDCT and serum tumor markers
(P=0.002 and 0.001) (table 4).

Table 4. Diagnostic values of different examination methods.

Examination e o e 1o o
method | Sensitivity (%) |Specificity (%)| Accuracy (%)

LDCT 119/142(83.80) | 26/34(76.47) | 145/176(82.39)

Tumor marker| 125/142(88.03) | 28/34(82.35) | 153/176(86.93)

Combined ab ab
examination [137/142(96.48)"| 30/34(88.24) 167/176(94.89)

X 12.523 1.619 13.410

P 0.002 0.445 0.001

LDCT: Low-dose computed tomography. aP<0.05 vs. LDCT; bP<0.05 vs.
tumor markers.

DISCUSSION

In this study, the levels of serum CEA, CYFRA21-1
and NSE in patients with early NSCLC were
significantly higher than those in patients with
benign lesions, being consistent with the results of
previous literatures (12.15), Besides, we screened the
subjects suspected of early NSCLC. The number of
pathologically  confirmed  cases  significantly
increased compared with ordinary or high-risk
populations, similar to the findings of a previous
study (16),

Zhang et al. found that the Kappa coefficient of
serum tumor markers combined with CT was 0.765
in the diagnosis of peripheral lung cancer, higher
than that of tumor markers (CEA, NSE and CYFRA21-
1), squamous cell carcinoma antigen test or CT alone,
and the combined examination had a higher

consistency with the pathological diagnosis results
(17), In addition, Chu et al. found in the feasibility
analysis of the early diagnosis of lung cancer that the
positive detection rate by LDCT combined with
tumor markers was obviously higher than that by a
single tumor marker (pleiotrophin, NSE, CYFRA21-1
or CEA) and combined examination of the 4 tumor
markers (18), Moreover, Jiang et al. confirmed that
both the sensitivity and accuracy of positron emission
tomography-CT combined with serum tumor markers
were significantly higher than those of them alone in
the detection of lung cancer (19). Likewise, we herein
found that the sensitivity and accuracy of LDCT
combined with tumor markers were significantly
higher than those of LDCT or tumor markers alone in
the diagnosis of early NSCLC, and the combined
examination results had the highest consistency with
the pathological diagnosis results.

The advantage of combined detection may be
attributed to the following reasons. The levels of
serum tumor markers can be affected by a variety of
factors, easily causing misdiagnosis and missed
diagnosis (20), The image quality and detection rate of
LDCT are not reduced compared with those of
conventional-dose CT, but the imaging characteristics
of NSCLC are diverse, and solid lesions have more
complicated manifestations, so the nature of most
lesions can only be determined by the morphology (®).
Moreover, early lesions have small volumes and
unobvious characteristics (21),

In conclusion, LDCT combined with serum tumor
markers can significantly improve the diagnostic
sensitivity and accuracy for early NSCLC and the
consistency with pathological diagnosis results, and
effectively reduce misdiagnosis and missed diagnosis,
so it is worthy of clinical popularization and
application.
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