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Objective. To investigate the relationship between the detection of changes in the levels of carcinoembryonic antigen (CEA) and
progastrin-releasing peptide (ProGRP) in bronchoalveolar lavage fuid (BALF) and CT signs in patients with peripheral lung
cancer.Methods. Retrospective analysis of 108 patients with perihilar lung cancer who attended our hospital from January 2019 to
January 2022, 54 cases were randomly selected as the observation group and 50 cases as the control group. Patients in both groups
received CTexamination and BALF test at the same time to observe and compare the diferences in serum levels, the relationship
between CT signs and serum indices, and the diagnostic value of peripheral lung cancer between the two groups. Results. Te
serum levels of ProGrp, CEA, CA211, and NSE in the observation group were signifcantly higher than those in the control group,
and the diference was statistically signifcant (P< 0.05). Te morphology, density, mass enhancement pattern, bronchial
morphology, obstructive signs, and lymph node fusion of CTsigns were compared between the observation group and the control
group, indicating that CT signs were more helpful for the localization, diagnosis, and staging of lung cancer. Te results of ROC
curve analysis showed that the AUC value of low-dose CT combined with serum ProGrp, CEA, CA211, and NSE was 0.892,
sensitivity was 96.21%, and specifcity of 90.05%, which were signifcantly higher than those of the single tests, respectively. Te
positive likelihood ratio was 84.41% and the negative likelihood ratio was 87.11%. Conclusion. Te combination of CT signs and
serum tumour markers helps to improve the detection rate, sensitivity, and specifcity of lung cancer, which has a high diagnostic
rate for lung cancer and may provide evidence for the early diagnosis of lung cancer.

1. Introduction

Peripheral lung cancer is difcult to diagnose because of the
late onset of clinical symptoms and the small size of the
tumour in the early stage, which can easily be overlooked by
clinicians and patients, thus delaying the best time for
treatment and afecting the therapeutic efect [1]. Terefore,
it is important to choose a safe, efective, and convenient test
to improve the diagnosis of peripheral lung cancer in order
to improve the prognosis of patients. Currently, tumour
markers are the main serological and biochemical indicators
for clinical understanding of tumour histogenesis, cell dif-
ferentiation, and cell function, and their levels can provide
important references for clinical diagnosis and classifcation

of tumours, and thus guide the formulation of treatment
plans and prognosis [2]. In addition, CT has the charac-
teristics of short acquisition time, high resolution, and better
overall observation of lung cancer than other examinations,
which can clearly show the morphology of cancer foci,
density diferences, and their relationship with blood vessels,
bronchi, and other tissues [3]. At the same time, enhanced
CT can further refect the blood supply of the cancer foci to
help clinical judgment of benign and malignant lesions
based on the blood supply of the foci [4]. Clinical studies
have concluded that tumour markers are closely related to
the occurrence and development of lung cancer, most of the
CTmanifestations of peripheral lung cancer have nodules or
masses in the peripheral lung, but they are complex, variable,
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overlapping, and have low specifcity, so the clinical diag-
nosis of peripheral lung cancer often requires the combi-
nation of imaging, serum tumour markers, and the ultimate
diagnosis is pathological section staining [5]. Although there
are a large number of tumour markers, there are fewer
specifc tumour markers that can be used to refect the
condition of lung cancer, and the relevant studies are not
comprehensive. Serum progastrin releasing peptide
(ProGrp) and carcinoembryonic antigen (CEA) have certain
clinical value for the diagnosis of lung cancer. Te value of
combined serum ProGrp and CEA tests in the early diag-
nosis of lung cancer has rarely been reported.

2. Materials and Methods

2.1. Study Subjects. Fifty-four patients with peripheral lung
cancer treated in our hospital from January 2019 to January
2022 were selected as the observation group, and 50 patients
with benign lung disease were selected as the healthy
comparison group. All patients in our study met the diag-
nostic criteria for lung cancer in the Chinese Medical As-
sociation Clinical Guidelines for the Treatment of Lung
Cancer (2018 edition) [6] and were diagnosed with lung
cancer by X-ray, magnetic resonance imaging, pathological
examination, and clinical confrmation; patients underwent
bronchoalveolar lavage before testing, and the distal end of
the fbrodectomy was wedged in the subsegment where the
lesion was located, or placed in the bronchus of the segment
to which it belonged if the subsegment was completely
obstructed. Te biopsy hole is flled with 50ml of room
temperature sterile saline for fushing and 13.3 kp of negative
pressure suction, with a recovery of approximately 40%. Te
specimens were processed immediately after collection.
After fltering through a double layer of sterile gauze, 5ml
was taken and centrifuged at 2500 pm for 10minutes, and
1.5ml of supernatant was stored in a refrigerator at 4°C. Te
precipitate was collected by centrifugation in 1.5ml freezing
tubes and stored in a -70 °C refrigerator. In the observation
group, 42 males and 12 females, aged 45–83 years, were
classifed according to pathological tissue type. 16 small-cell
lung carcinomas, 15 squamous carcinomas, and 19 ade-
nocarcinomas. In the comparison group, there were 31males
and 19 females, aged 42–81 years.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: (i)
all lung cancer patients had not undergone chemotherapy
and radiotherapy, all patients and their families gave in-
formed consent and signed the patient informed consent
form, which was approved by the ethics committee of the
hospital; (ii) eastern cooperative oncology group (ECOG)
score [7]: 0–2, expected survival time ≥3 months, CT scan
of head, chest, and upper abdomen, scan mode was
plain + enhanced, serum tumour markers, no treatment
prior to CT and serum tumour markers, and no history of
other malignancies; and (iii) two or more of the tumour
markers pro-GRP and CEA are simultaneously greater than
the normal reference range.

Exclusion criteria: (i) patients with severe cardiac, he-
patic, or renal insufciency and patients with thyroid dis-
orders or immune disorders; (ii) patients with severe
infectious diseases, patients with coagulation disorders, and
patients with pulmonary vascular disease or pulmonary
encystment; and (iii) patients with severe diabetes, hyper-
tension, cardiac diseases, and other underlying diseases
requiring hospitalisation.

3. Methods

3.1. CTExaminationMethod. Te equipment was a Siemens
Defnition AS+ 128-layer spiral CTmachine.Te patient was
asked to hold his breath after calm breathing for a con-
ventional CT scan, and then a double-phase enhancement
scan was performed after contrast was injected through the
elbow vein. All images were reconstructed and post-
processed to observe the morphological features of the lesion
in multiple directions. Te imaging features of the lesions
included bronchial cut-of, density (homogeneous and
heterogeneous with a clear central necrotic area), en-
hancement (homogeneous enhancement and heterogeneous
enhancement), obstructive changes, lymph node metastases,
large vessel invasion, pericardial efusion, pleural metastases,
and distant metastases (including brain metastases, adrenal
metastases, and bone metastases). Te above results were
analysed by two senior physicians in a double-blind method
on the images, and consensus was reached after discussion in
case of disagreement between the two.

3.2. Detection Method. Te patient undergoes bron-
choalveolar lavage prior to biopsy brushing and the distal
end of the fbrinoscope is wedged in the subsegment where
the lesion is located or if the subsegment is completely
obstructed, placed in the bronchus of the segment to which it
belongs. Te biopsy hole is flled with 50ml of room tem-
perature sterile saline for fushing and 3.3 to 13.3 kp of
negative pressure suction, with a recovery of approximately
40–60%. Te specimen is processed immediately after col-
lection. After fltering through a double layer of sterile gauze,
5ml was taken and centrifuged at 2500 pm for 10 minutes.
1.5ml of the supernatant was stored in a refrigerator at 4°C
for centralised testing of serum tumour markers, such as
CEA, NSE, and proGRP. Reference values of serum tumour
markers: CEA: 0–5 ug/1; CYFRA21-1: 0–3.3 ng/m1; NSE:
0–15.2 ng/1; and proGRP: 0–35 ng/1. Any one or more of
these markers outside the normal range is considered
positive.

3.3. Observed Indicators. Positive CT scan fndings were
based on the following criteria: (1) 1 or more nodules ≥5mm
in diameter in the lung parenchyma; (2) solid nodules in the
bronchi; a threshold of 46.0 ng/L for ProGrp, 10 ng/mL for
CEA, and 15.2 ng/mL for NSE. CT combined with serum
ProGrp, CEA, and NSE is considered positive if any of the
tests are positive; otherwise, CT combined with serum
ProGrp, CEA, and NSE is considered negative, where a
positive result is predictive of lung cancer. Te “gold
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standard” for lung cancer diagnosis: lung cancer diagnosis
confrmed by pathology and imaging.

3.4. Statistical Analysis. All statistical data in this study were
entered into an excel software by the frst author and the
corresponding author, and the statistical processing software
was SPSS25.0 for calculation. Repeated measure analysis of
variance between groups was used to measure the mea-
surement expressed as mean± standard deviation (X± SD).
Count data expressed as percentage (%) were tested by χ2.
Univariate and logistic multivariate regression analysis was
used to compare the infuencing factors, and the risk factors
with signifcant diferences were screened. Correlation test
using logistic regression linear correlation analysis. Included
data that did not conform to a normal distribution were
described by M(QR), using the Mann–Whitney test. All
statistical tests were two-sided probability tests, the statistical
signifcance was P< 0.05.

4. Results

4.1. Comparison of Serum Levels. Te serum levels of
ProGrp, CEA, CA211, and NSE of patients in the obser-
vation group were signifcantly higher than those in the
comparison group. Te serum levels of ProGrp, CA211, and
NSE of patients in the small-cell lung cancer observation
group were signifcantly higher than those in the squamous
carcinoma and adenocarcinoma groups, and the serum
levels of patients with stage I and II lung cancer were sig-
nifcantly lower than those of patients with stage III and IV,
with statistically signifcant diferences (P> 0.05), see
Figure 1.

4.2. Comparison of CT Signs. Trough the comparison of CT
signs, it was found that the tumour shape, tumour density,
tumour enhancement mode, bronchial shape, tumour ob-
structive signs, and tumour lymph node fusion were com-
pared within the observation group, and the diferences were
statistically signifcant (P< 0.05), see Figure 2.

4.3. Comparison of CT Signs with Serum Indices. ProGrp
showed a statistically signifcant diference in tumour
density and enhancement pattern, while CEA showed a
statistically signifcant diference between lymph node
swelling and no lymph node swelling (P< 0.05) and was
highly expressed in the presence of lymph node swelling, see
Figure 3.

4.4. Diagnostic Value. Te results showed that the AUC
value of 0.892, sensitivity 96.21%, and specifcity 90.05% of
low-dose CT combined with serum ProGrp and CEA were
signifcantly higher than those of the individual tests, and
their positive likelihood ratio and negative likelihood ratio
were 84.41% and 87.11%, respectively, see Table 1.

5. Discussion

Lung cancer is a common malignant tumour in China, with
high incidence and mortality rates and is a serious threat to
public health problem that threatens human health [8]. At
present, surgery is an important treatment for early pe-
ripheral lung cancer, but because peripheral lung cancer has
insidious onset and early symptoms are not obvious, most
patients have developed to advanced stage when diagnosed,
and early peripheral lung cancer is small in size and unclear
in margins, which makes clinical diagnosis difcult, easily
causingmissed diagnosis andmisdiagnosis, delaying the best
treatment time and depriving patients of the possibility of
surgical cure [9]. Terefore, for peripheral type lung cancer,
it is not only necessary to raise patients’ awareness of timely
consultation, but also to select efective tools to improve the
diagnostic accuracy and prognosis of patients. Te radiation
dose of low-dose CT is only 1/6 of that of conventional CT,
but its sensitivity is comparable to that of conventional CT.
It can detect overlapping, tiny nodules, refect the nature of
nodules, and is more sensitive to isolated nodules in the
lung, but its specifcity is relatively poor [10]. In recent years,
clinical studies have concluded that tumour markers are
closely related to the occurrence and development of lung
cancer and have important clinical value for the early di-
agnosis and prognostic assessment of lung cancer, but the
collection of the literature has revealed that there are rela-
tively few reports related to lung cancer tumour markers
[11].

In this study, the serum ProGrp, CEA, CA211, and NSE
levels in the observation group were signifcantly higher than
those in the healthy comparison group, indicating that the
combined detection of CT signs and serum tumour markers
helped to improve the detection rate of lung cancer. Te
specifc reasons are as follows: ProGrp is a gastrointestinal
hormone commonly found in various neuroendocrine-de-
rived tumours, and clinical studies have found that it has
high sensitivity and specifcity for the diagnosis of small-cell
lung cancer and can be used as a marker for small-cell lung
cancer, which helps in the diagnosis and clinical treatment of
small-cell lung cancer disease [12].CEA is an acidic glyco-
protein in intestinal cancer, mainly in the embryonic stage
by the small intestine and the liver. It is a broad-spectrum
tumour marker and its level increases dramatically after the
development of many tumours [13].CA211 is mainly found
in the cytoplasm of tumour cells and can be released into the
blood when tumour cells are necrotic or lysed, which is
useful for the diagnosis and treatment of squamous carci-
noma [14].NSE is an acidic protease that is found in neural
tissue and the neuroendocrine system and mainly acts in the
glycolytic pathway [15]. It was found that small-cell lung
cancer can secrete NSE and release it into the blood,
resulting in elevated levels, so monitoring SE is useful in the
diagnosis and treatment of small-cell lung cancer, but the
presence of NSE in red blood cells can lead to falsely elevated
results [16].

In this study, the comparison of CT signs revealed that
the morphology, density, enhancement pattern, morphology
of bronchi, obstructive signs, and lymph node fusion of the
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mass were compared between the observation group and the
comparison group, indicating that CTsigns are more helpful
for the localization, diagnosis, and staging of lung cancer.
Currently, CT is widely used for the diagnosis of chest le-
sions and its diagnostic value for lung cancer is mainly its
ability to clearly display the morphological features of tu-
mours and visualize the location, size, morphology, margins,
and density of tumours [17]. Reconstruction and post-
processing can also show the relationship between the tu-
mour and surrounding tissues, as well as observe metastases
in other regions, such as tumour lymph node metastases in
the scanned area [18, 19]. Small-cell lung cancer originates
from neuroendocrine cells and is a hypodiferentiated tu-
mour. Te tumour cells grow outside the lumen and rarely

inside the lumen, forming an oblong or irregular mass in line
with the long axis of the bronchus. Te lumen may be
narrowed by compression, with smooth mucosa and lumen
patency [20, 21]. It can also cause truncation and obstructive
changes in the bronchi, but tends to appear later. We found
statistical diferences in the morphology, density, bronchial
morphology, and obstructive features of hilar lesions be-
tween the squamous and small-cell lung cancer groups, with
squamous carcinomas often forming round or round-like
masses in the hilum, causing bronchial truncation and
signifcant obstructive pneumonia or obstructive atelectasis,
or both [22, 23]. In our study, there was no statistically
signifcant diference in metastasis between the squamous
carcinoma group and the small-cell lung cancer group,
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Figure 1: Comparison of serum levels (all serum levels data in this study were entered into excel software by the frst author and the
corresponding author, and the independent sample t test was performed using the mean± standard deviation. Te serum levels of ProGrp,
CEA, CA211, and NSE were signifcantly higher in the observation group than in the comparison group (a) Te serum levels of ProGrp,
CA211, and NSE were signifcantly higher in the small-cell lung cancer observation group than in the squamous cancer and adenocarcinoma
groups (b) and the serum levels were signifcantly lower in lung cancer patients in stage I and II than in patients in stage III and IV (c) with
statistically signifcant diferences (P> 0.05).
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probably due to the late clinical stage of the cases in this
study and no diference in metastasis between the two.

CEA was statistically signifcant and highly expressed in the
presence of lymph node swelling. Te combination of imaging
with molecular biology and molecular pathology has now en-
abled the understanding of the molecular pathological basis of
morphological features in imaging and has played an important
role in improving the diagnosis and understanding of the disease
[24]. Serum tumourmarkers are chemical components produced
by tumour cells during growth, which can be released directly
into the cells or post-cellular tissues, and its abnormalities are
often earlier than the symptoms, signs, and imaging manifes-
tations of the tumour, which can be used for early detection, but
local diagnosis is more difcult [25, 26]. By combining the two,

the strengths and weaknesses of each can be complemented to
solve the problem of localization and characterization of lung
cancer and improve the correctness of the diagnosis [27].

In this study, ProGRP is a tumour marker associated
with tissues of neuroendocrine origin. It has been shown that
elevated serum ProGRP levels occur in a variety of neuro-
endocrine-derived tumours and that ProGRP is useful in the
diferential diagnosis of small-cell carcinoma and non-small-
cell carcinoma in lung masses [28]. ProGRP has been re-
ported to be the most sensitive marker capable of dis-
tinguishing lung cancer from benign lung disease [29].
ProGRP is elevated in the early stages of lung cancer, but
because of the low incidence of lung cancer in the general
population, the ProGRP program is not recommended for

Table 1: Comparison of diagnostic efectiveness.

AUC (95% CI) Sensitivity (%) Specifcity (%) Positive likelihood ratio Negative likelihood ratio
CT 0.647 (0.6080.732) 55.87 77.71 78.16 82.47
CEA 0.739 (0.6870.859) 62.79 80.23 85.59 64.07
NSE 0.784 (0.7030.844) 78.16 81.25 75.36 80.23
ProGrp 0.892 (0.7750.953) 96.21 90.05 84.41 79.25
Combined detection 0.584 (0.5150.674) 49.64 74.56 70.81 87.11

CT signs

shape of tumor
tumor density
Reinforcement
Shape of the bronchi
Obstructive signs
lymph node fusion

Figure 2: Comparison of CTsigns (all CTsign data in this study were entered into excel software by the frst author and the corresponding
author, using integer representation and independent samples t test. Te results showed that the morphology of the tumour, the density of
the tumour, the enhancement pattern of the tumour, the morphology of the bronchi, the obstructive signs of the tumour, and the lymph
node fusion of the tumour were statistically signifcant when compared within the observation group (P< 0.05).
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Figure 3:Te relationship between CTsigns and serum indexes (in this study, all data comparing CTsigns with serum indices were entered
into excel software by the frst author and the corresponding author, using integer representation and independent samples t test.Te results
showed that ProGrp difered signifcantly in the density of the tumour and the mode of enhancement, and CEA difered statistically between
lymph node swelling and no lymph node swelling (P< 0.05).
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use in screening tests in the general population [30]. CEA is a
tumour marker that is relatively sensitive to many tumours
and has a role in the occurrence, efcacy observation, and
prognosis of many tumours, but its specifcity is not strong,
its sensitivity is not high, and its role in the early diagnosis of
tumours is not obvious [31]. In addition to primary colon
cancer, the positivity rate of pancreatic, gastric, lung, and
breast cancers is also high, generally at 80%. Because CEA is
a broad-spectrum tumour marker, it is often tested in
combination with other tumour markers [32].

Tumour markers are substances that are produced and
secreted by cancer cells during tumour development and
progression or released into the blood in response to tumour
stimulation of the host, indicating the presence and growth
of tumours [33]. Although serum tumour markers have
some value in cancer diagnosis, pathological staging, and
prognostic assessment, it is widely believed that they are
susceptible to multiple factors, which may result in false
positives or false negatives and afect the clinical judgment,
and even though multiple serum tumour marker levels are
combined, they are not at the ideal clinical level [33]. Al-
though serum tumour markers have some value in cancer
diagnosis, pathological staging, and prognostic assessment,
there are various serum tumour markers that can be used for
lung cancer screening, the most commonly used ones in-
clude CEA and NSE [34]. NSE is an enzyme marker that is
specifc for central nervous cells and endocrine tissues and
has high serum levels in neuroendocrine diseases (e.g.,
small-cell carcinoma of the lung) and adenocarcinoma [35].

In conclusion, the combination of CT signs and serum
tumour markers can help to improve the detection rate,
sensitivity, and specifcity of lung cancer, with a high di-
agnostic rate of lung cancer and can provide strong evidence
for the early diagnosis of lung cancer.

Data Availability

Te experimental data used to support the fndings of this
study are available from the corresponding author upon
request.

Conflicts of Interest

Te authors declare that they have no conficts of interest
regarding this work.

References

[1] A. Yu, Q. Li, J. He, and Y. Zhan, “Efect of 5-line signs in the
prediction of staging, progression, and prognosis of periph-
eral lung carcinoma: preliminary observation report,” Journal
of Computer Assisted Tomography, vol. 44, no. 2, pp. 295–304,
2020.

[2] C. Shen, X. Wang, and G. Che, “A rare case of primary pe-
ripheral epithelial myoepithelial carcinoma of lung: case re-
port and literature review,” Medicine (baltimore), vol. 95,
no. 35, Article ID e4371, 2016.

[3] J. H. Pedersen, Z. Saghir, M. M. W. Wille, L. H. Tomsen,
B. G. Skov, and H. Ashraf, “Ground-glass opacity lung
nodules in the era of lung cancer ct screening: radiology,

pathology, and clinical management,” Oncology (williston
Park), vol. 30, no. 3, pp. 266–274, Article ID 26984222, 2016.

[4] R. H. Wang, K. Xu, L. Li, Z. F. Wu, and E. In, “[lung cancer
combined with connective tissue disease-related interstitial
lung disease: ct features],” Zhonghua Zhong Liu Za Zhi,
vol. 42, no. 8, pp. 665–669, Article ID 32867459, 2020.

[5] M. Tamponi, P. Crivelli, R. Montella et al., “Exploring the
variability of radiomic features of lung cancer lesions on
unenhanced and contrast-enhanced chest ct imaging,”
Physica Medica, vol. 82, pp. 321–331, Article ID 33721791,
2021.

[6] Zhonghua Zhong Liu Za Zhi, “Chinese medical association,
Chinese medical association oncology branch, Chinese
medical association journal press. Chinese medical associa-
tion lung cancer clinical diagnosis and treatment guidelines
(2018 edition),” Chinese Journal of Oncology, vol. 40, no. 12,
pp. 935–964, 2018.

[7] E. Boran, G. Ramantani, N. Krayenbühl et al., “High-density
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