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Diagnostic value of multi-slice spiral computed tomography 
combined with carcinoembryonic antigen and Wnt pathway 

inhibitor for early-stage lung cancer 

INTRODUCTION 

Lung cancer stems from the bronchial epithelium 
and gland due to many factors such as occupation, 
environment, diet and smoking, and it has become 
one of the main malignancies causing human death 
(1). Since lung cancer has no obvious specific 
symptoms in the early stage, patients have often been 
in the mid-late stage when diagnosed, thus reducing 
the 5-year survival rate (2). At present, many 
diagnosis methods are available for early-stage lung 
cancer, such as pathology, X-ray, and multi-slice 
spiral computed tomography (CT). Among them, 
pathology is often used as the gold standard for 
diagnosing lung cancer, but it is invasive and thus 
cannot be used as a routine auxiliary diagnostic 
method. X-ray examination consumes short time and 
low cost, but overlapping of lesions and tissues 
occurs easily, thus the overall accuracy is not high (3). 
As a non-invasive imaging means characterized by 
high resolution, clear images, high scanning speed 
and quantitative detection, multi-slice spiral CT has 
been gradually used in the clinical diagnosis of early 
malignancies (4). Low-dose multi-slice spiral CT has 

been proven to reduce lung cancer mortality by 20% 
(5). However, when used alone, it has the limitation of 
a high false positive rate (causing unnecessary 
psychological burden and repeated radiation 
exposure) (6), so it urgently needs to be combined 
with serum markers to improve the specificity (7). 

The detection of serum tumor factors has many 
advantages such as minimal invasion and simple 
operation, so this method has been used to improve 
the diagnostic accuracy for early-stage lung cancer (8). 
Carcinoembryonic antigen (CEA), as an acidic 
glycoprotein, is mainly expressed during embryonic 
development but hardly expressed in healthy adults. 
An increased CEA expression often indicates cell 
carcinogenesis, which has been proven to be related 
to the occurrence of lung cancer (9). Combining CEA 
detection with CT scan can improve lung cancer 
diagnosis (10). DKK1, a Wnt pathway inhibitor, is a 
secretory glycoprotein considered a participant in 
cell differentiation, proliferation and carcinogenesis, 
as well as a potent antagonist of the Wnt signaling 
pathway, which is highly expressed in serum, cells 
and tissues of lung cancer (11). Existing evidence has 
verified that multi-slice spiral CT combined with 
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ABSTRACT 

Background: We aimed to analyze the significance of multi-slice spiral computed 
tomography (CT) combined with carcinoembryonic antigen (CEA) and Wnt pathway 
inhibitor (DKK1) for the diagnosis of early-stage lung carcinoma. Materials and 
Methods: Subjects (102 in total) were selected from patients with suspected early-
stage lung carcinoma receiving treatment in the hospital. Multi-slice spiral CT was 
performed on all subjects, CEA and DKK1 levels in the serum were detected, and the 
diagnostic efficiency of multi-slice spiral CT for early-stage lung cancer was analyzed. 
Results: The sensitivity of 94.25% (82/87), Youden index of 0.743, specificity of 80.00% 
(12/15), accuracy of 92.16% (94/102), positive diagnostic value of 96.47% (82/85), and 
negative diagnostic value of 70.59% (12/17) were obtained for multi-slice spiral CT in 
diagnosing early-stage lung cancer. As revealed by receiver operating characteristic 
curve analysis results, multi-slice spiral CT parameters combined with CEA and DKK1 
had an area under the curve of 0.954, sensitivity of 95.22% and specificity of 86.17% in 
the diagnosis of early-stage lung carcinoma, significantly superior to multi-slice spiral 
CT parameters, CEA or DKK1 alone (P<0.05). Conclusion: The combination of CEA and 
DKK1 with multi-slice spiral CT can improve the diagnostic efficiency for early-stage 
lung cancer. 
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multiple markers can significantly improve the 
accuracy of TNM staging and has important guiding 
value for the early diagnosis of stage I lung cancer (12). 
Similar combination modes have been successfully 
applied to the diagnosis of tumors such as gastric 
cancer (13) and colon cancer (14), verifying the 
feasibility of cross-cancer application. 

Although previous studies have explored 
combining serum markers and imaging for early lung 
cancer diagnosis, the novelty of this study lies in 
specifically evaluating the combined diagnostic value 
of multi-slice spiral CT with serum CEA and DKK1 for 
early-stage lung cancer, aiming to enhance the 
diagnostic specificity, reduce the false positive rate, 
and ultimately improve the prognosis. 

 
 

MATERIALS AND METHODS 
 

Subjects  
The study was approved by the ethics committee 

of Zhejiang Lishui People’s Hospital (approval No. 
ZLPH20200154) on January 5th, 2020. Written 
informed consent was signed by all patients. Subjects 
consisted of 102 patients suspected of early-stage 
lung cancer [61 males plus 41 females, age: 45-78 
years old and (61.98±4.35) years old on average], 
who received treatment in the hospital between 
January 2020 and January 2023. Fifty-eight patients 
(56.9 %) were current or former smokers (median 30 
pack-years, IQR 15-45). Eastern Cooperative 
Oncology Group performance status was 0-1 in 97 
patients (95.1 %). Common comorbidities included 
hypertension (34.3 %), diabetes mellitus (18.6 %), 
and chronic obstructive pulmonary disease (21.6 %). 
According to the 8th edition TNM classification, 78 
tumors (76.5 %) were stage IA and 24 (23.5 %) were 
stage IB. 

Inclusion criteria covered: 1) Patients suspected 
of early-stage lung cancer, with symptoms such as 
hoarseness, chest tenderness, dry cough, 
expectoration, and fever, 2) those who had 
undergone imaging examination and detection of 
serum CEA and DKK1, and had complete clinical and 
imaging data, 3) those pathologically diagnosed, and 
4) those without dysfunction of liver, kidney and 
other vital organs. Exclusion criteria involved: 1) 
Patients with metastatic lung cancer, 2) those with a 
history of radiotherapy or chemotherapy for 
malignant tumors, 3) those with a history of lung 
surgery, 4) those with tumors at other sites, 5) those 
allergic to iodine, or 6) those who could not 
cooperate due to mental disorders, consciousness 
disorders or communication disorders. 

 

Multi-slice spiral CT  
A 64-row 128-slice volume CT scanner (GE, USA) 

was used. During the examination, the patients were 
instructed to hold their breath, and scanned from the 

sternoclavicular joint as the baseline to the base of 
lung through an appropriate lung window. The 
following scanning parameters were adopted: tube 
current =320 mA, matrix =512×512, pitch 0.9, slice 
thickness + gap =5.0 mm, collimation =64×0.625 mm, 
and tube voltage =100 kV. When the lung nodules 
were found, the reconstructed slice thickness was 
changed to 0.625 mm, prior to injection of 70 mL of 
nonionic iohexol (a contrast medium) at 3.0 mL/s as 
well as scanning within 30 s. Then the scanning 
images were transmitted to the workstation and read 
by two experienced radiologists independently and 
blindly (without knowing the pathological 
examination results). The scanning results were 
analyzed by the principle of consistency. In detail, 
when the results were consistent, they were directly 
given. If the results were inconsistent, a discussion 
was held, or a third experienced radiologist was 
consulted until a consensus was reached. CT signs 
(nodule-lung interface, classification and size of 
nodules, spicule sign, lobulation sign and pleural 
indentation) and CT scanning parameters 
[permeability surface (PS), mean transit time (MTT), 
blood flow (BF), peak enhancement intensity (PEI), 
and blood volume (BV)] were analyzed.  

 

Detection of serum CEA and DKK1 
Venous blood (3 mL) collected from each fasted 

patient was centrifuged at 3500 rpm to isolate the 
serum. Then the levels of serum CEA and DKK1 were 
measured by electrochemiluminescence assay and its 
matching reagents (Roche Diagnostics GmbH, 
Germany), and by enzyme-linked immunosorbent 
assay using an automatic microplate reader and its 
matching reagents (Thermo Fisher Scientific, USA), 
respectively. 

 

Diagnostic indicators 
All patients underwent CT-guided lung puncture 

biopsy, and the obtained lung nodule tissues were 
subjected to pathological examination. With the 
results of pathological examination as the gold 
standard, the diagnostic value of multi-slice spiral CT 
for early-stage lung cancer was determined. The 
following formula was employed to calculate the 
diagnostic efficiency: accuracy (%) = (true positive 
cases + true negative cases)/total cases×100%, 
sensitivity (%) = true positive cases/(true positive 
cases + false negative cases)×100%, specificity (%) = 
true negative cases/(false positive cases + true 
negative cases)×100%, Youden index = sensitivity + 
specificity-1, negative diagnostic value (%) = true 
negative cases/(false negative cases + true negative 
cases)×100%, and positive diagnostic value (%) = 
true positive cases/(true positive cases + true 
negative cases)×100%. 

 

Statistical analysis 
Analysis and processing were accomplished by 
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SPSS 25.0 software (IBM Inc., USA). The expression 
format of mean ± standard deviation (`x ± s) together 
with independent-samples t-test for comparison 
between two groups was adopted for measurement 
data. Frequency and percentage were utilized to 
describe enumeration data, which were compared 
between two groups by the χ2 test. Receiver 
operating characteristic (ROC) curves were 
constructed to probe into the diagnostic value of 
multi-slice spiral CT parameters, CEA and DKK1 for 
early-stage lung cancer. P<0.05 was considered 
statistically significant. 

 
 

RESULTS 
 

Diagnostic efficiency of multi-slice spiral CT for 
early-stage lung cancer 

With pathology as the gold standard, 87 out of 102 
suspected cases of early-stage lung cancer were 
pathologically diagnosed with early-stage lung 
cancer, and the remaining 15 cases were diagnosed 
with benign lung diseases (figure 1). Furthermore, 
the sensitivity of 94.25% (82/87), Youden index of 
0.743, specificity of 80.00% (12/15), accuracy of 
92.16% (94/102), positive diagnostic value of 
96.47% (82/85), and negative diagnostic value of 
70.59% (12/17) were obtained for multi-slice spiral 
CT in diagnosing early-stage lung cancer (table 1).  

 

 

Multi-slice spiral CT signs of early-stage lung 
carcinoma and benign pulmonary diseases 

The proportion of blurred nodule-lung interface, 
part-solid nodules, nodule size ≥3 cm, spicule sign, 
lobulation sign and pleural indentation was increased 
in subjects with early-stage lung carcinoma by 
contrast with that in subjects suffering from benign 
lung diseases (P<0.05) (table 2). 

 

Multi-slice spiral CT parameters early-stage lung 
carcinoma and benign pulmonary diseases 

In comparison to patients affected by benign lung 

diseases, those suffering early-stage lung carcinoma 
had increased MTT, BV and PS, but decreased PEI and 
BF (P<0.05) (table 3). 

Levels of serum CEA and DKK1 in participants with 
early-stage lung carcinoma and benign pulmonary 
diseases 

CEA and DKK1 exhibited raised levels in the 
serum of patients with early-stage lung cancer 
compared with those of subjects affected by benign 
lung diseases (P<0.05) (table 4). 

Diagnostic efficiency of multi-slice spiral CT 
parameters and CEA and DKK1 for early-stage 
lung cancer 

According to ROC curve analysis, the combination 
of multi-slice spiral CT parameters presented the 
area under the curve (AUC), sensitivity and specificity 
of 0.923, 90.23% and 88.63%, respectively, for 
diagnosing early-stage lung carcinoma, which were 
significantly higher than those of any multi-slice 
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Figure 1. A sample 
image of multislice 
CT for lung cancer 
with a red arrow 

indicating the region 
of interest. CT:          

Computed                
tomography. 

Method Result 
Gold standard (pathology) 

Total 
Positive Negative 

Multi-slice 
spiral CT 

Positive 82 3 85 
Negative 5 12 17 

Total 87 15 102 

Table 1. Diagnostic efficiency of multi-slice spiral CT for             
early-stage lung cancer. 

CT: Computed tomography. 

Multi-slice spiral CT 
signs 

Early-stage 
lung cancer 

(n=87) 

Benign lung 
diseases 
(n=15) 

χ2 P 

Nodule-lung 
interface 

Clear 5 (5.75) 11 (73.33) 
47.040 <0.001 Less clear 14 (16.09) 3 (20.00) 

Blurred 68 (78.16) 1 (6.67) 

Classification 
of nodules 

Pure 
ground-

glass 
25 (28.74) 7 (46.67) 

9.610 0.008 
Part-solid 48 (55.17) 2 (13.33) 

Solid 14 (16.09) 6 (40.00) 
Size of 

nodules (cm) 
≥3 67 (77.01) 2 (13.33) 

23.704 <0.001 
<3 20 (22.99) 13 (86.67) 

Spicule sign 
Yes 75 (86.21) 3 (20.00) 

31.168 <0.001 
No 12 (13.79) 12 (80.00) 

Lobulation 
sign 

Yes 69 (79.31) 1 (6.67) 
31.359 <0.001 

No 18 (20.69) 14 (93.33) 
Pleural 

indentation 
Yes 67 (77.01) 2 (13.33) 

23.704 <0.001 
No 20 (22.99) 13 (86.67) 

Table 2. Multi-slice spiral CT signs of patients suffering early-
stage lung carcinoma and benign pulmonary diseases [n (%)]. 

CT: Computed tomography. 

Multi-slice spiral 
CT parameter 

Early-stage lung 
cancer (n=87) 

Benign lung 
diseases (n=15) 

t P 

MTT (s) 9.12±1.29 8.00±1.09 3.170 0.002 
PEI (Hu) 28.97±2.45 33.24±3.23 5.935 <0.001 

BF (ml/min·100g) 67.84±8.79 85.64±9.83 7.119 <0.001 
BV (ml/100g) 4.14±0.26 3.57±0.25 7.883 <0.001 

PS (ml/min·100g) 16.57±2.23 11.23±1.96 8.705 <0.001 

Table 3. Multi-slice spiral CT parameters of subjects suffering 
early-stage lung carcinoma and benign pulmonary diseases (`x 

± s). 

CT: Computed tomography; BF: blood flow; BV: blood volume; MTT: 
mean transit time; PEI: peak enhancement intensity; PS: permeability 
surface. 

Indicator 
Early-stage lung 

cancer (n=87) 
Benign lung 

diseases (n=15) 
χ2 P 

CEA 5.67±0.98 2.11±0.13 13.990 <0.001 

DKK1 37.57±4.35 11.23±1.98 22.970 <0.001 

Table 4. CEA and DKK1 levels in the serum of participants with 
early-stage lung cancer and benign lung diseases [(`x ± s), ng/

mL]. 

CEA: Carcinoembryonic antigen; DKK1: Wnt pathway inhibitor. 
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spiral CT parameter alone (P<0.05) (figure 2). 
Moreover, multi-slice spiral CT parameters combined 
with CEA and DKK1 had an AUC of 0.954, sensitivity 
of 95.22% and specificity of 86.17% in the diagnosis 
of early-stage lung cancer, which were significantly 
higher than those of multi-slice spiral CT parameters, 
CEA or DKK1 alone (P<0.05) (figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

DISCUSSION 
 

Multi-slice spiral CT can scan the same part and 
the whole organ volume, achieving all-around 
detection of lesions and avoiding omissions. 
Meanwhile, lesion and tissue artifacts can also be 
eliminated to improve image quality (15). The actual 
condition of pulmonary perfusion can be clearly 
understood using contrast media when diagnosing 
early-stage lung carcinoma by multi-slice spiral CT, 
thereby observing vascular endothelial cells (16, 17). In 
this study, multi-slice spiral CT effectively 

distinguished early-stage lung cancer from benign 
lung diseases. Compared to the gold standard of 
pathology, multi-slice spiral CT presented the 
accuracy and specificity of 94.25% and 80.00%, 
respectively. Similarly, Xiang et al. (18) confirmed that 
multi-slice spiral CT effectively distinguished 
localized lung adenocarcinoma from localized lung 
inflammation. Furthermore, patients with early-stage 
lung cancer mainly exhibited part-solid nodules with 
unclear boundaries, and they mostly showed spicule 
signs, suggesting that early-stage lung cancer had 
typical imaging features. 

CEA is a marker commonly used in the diagnosis 
of malignancies, and its elevated level is an important 
contributor to the progression of malignancies (19). 
Only a small amount or no expression of CEA is 
detected in the peripheral blood of healthy people, 
but its expression increases after tissue cancerization 
(20, 21). Possibly, after the change in tumor blood 
supply and tumor necrosis, CEA is released as 
dissolved fragments into the peripheral circulation, 
thus increasing the CEA level. Zhou et al. (22) found 
that after being released into the blood, CEA caused 
an escape of cancer cells from immune surveillance, 
interfered with intercellular adhesion, and constantly 
invaded surrounding tissues and even distant tissues. 
Besides, Li et al. (23) reported that the expression of 
CEA was elevated with increasing malignancy degree 
of lung cancer. Consistently, we herein also found that 
the serum CEA displayed a high expression in 
subjects with early-stage lung cancer.  

DKK1 is the first discovered secretory inhibitor of 
the Wnt pathway (24, 25). It can form endosomes 
synergistically with Kremen protein by conjugating 
with low-density lipoprotein receptor-related protein 
5/6, so as to inhibit Wnt signaling, which is implicated 
in the occurrence and prognosis of rheumatoid 
arthritis and osteoarthritis. Moreover, DKK1 can 
cooperate with the tumor inhibitor p53 to antagonize 
the abnormal Wnt pathway activation, affecting 
cancerous cell proliferation and invasion (26). It is an 
important player in intrinsic, innate and adaptive anti
-tumor immunoregulation, and can affect tumor 
immune microenvironment and participate in the 
occurrence of malignancies, as a diagnostic marker 
for malignancies (27). At present, the increased 
expression of DKK1 in various malignancies covering 
ovarian cancer, breast cancer and colorectal cancer 
has been verified (28). In this study, patients suffering 
early-stage lung cancer had evidently raised 
expression of serum DKK1 compared to those with 
benign lung diseases, being consistent with the 
results reported by Sun et al. (29) Taken together, CEA 
and DKK1 may be involved in the occurrence of early-
stage lung cancer. 

ROC curves were employed to investigate the 
diagnostic efficiency of multi-slice spiral CT in 
combination with CEA and DKK1 for early-stage lung 
cancer in the present study. For the diagnosis of early
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Figure 2. ROC curve of multi-slice spiral CT parameters for 
diagnosing early-stage lung carcinoma. CT: Computed           
tomography; ROC: receiver operating characteristic. 

Figure 3. ROC curve for CEA and DKK1 in combination with 
multi-slice spiral CT parameters in the diagnosis of early-stage 

lung cancer. CEA: Carcinoembryonic antigen; CT: computed 
tomography; DKK1: Wnt pathway inhibitor; ROC: receiver 

operating characteristic. 
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-stage lung carcinoma, the sensitivity and specificity 
of the combination of multi-slice spiral CT 
parameters were 90.23% and 88.63%, respectively, 
which were significantly higher than those of any 
multi-slice spiral CT parameter alone. Furthermore, 
multi-slice spiral CT parameters combined with CEA 
and DKK1 had the sensitivity of 95.22% and 
specificity of 86.17% for diagnosing early-stage lung 
cancer, suggesting a significantly augmented 
diagnostic efficiency. Collectively, multi-slice spiral 
CT combined with serum tumor factors had a higher 
diagnostic accuracy for early-stage lung cancer. 

Nevertheless, this study is limited. First, the 
sample size is small. Second, only two serum tumor 
factors are tested. In the future, more cases and 
serum tumor factors will be studied to confirm our 
findings. 

 
 

CONCLUSION 
 

In conclusion, multi-slice spiral CT combined with 
CEA plus DKK1 is capable of enhancing the diagnostic 
efficiency of early-stage lung carcinoma. 
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