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Combination of serum ACSL4 levels and low-dose 
256-slice spiral CT exhibits the potential in the 
early screening of lung cancer
Wenlong Yu, BMa, Li Wang, MMb, Shi Liu, MDc, Ying Liu, MMd, Shuying Wang, BMb, Xuejia Sun, BMb,* 

Abstract 
Background: The prognosis of lung cancer is related to the stage of the disease at the time of detection, and early diagnosis 
can prolong survival time. In this prospective observational cohort research, we aimed to analyze the diagnostic performance of 
the combined application of ACSL4 and low-dose 256-slice spiral computed tomography (CT) to lung cancer.

Methods: This prospective observational cohort research enrolled a total of 512 patients with pulmonary nodules (PN) 
who were found with PN by CT. All patients were divided into 2 groups through biopsy operation, including 449 patients with 
benign PN and 63 patients with malignant PN. Both groups were scanned with a Philips Brilliance 256iCT machine. Imaging 
features of PN were recorded. All images of the nodules were used for data measurement and image analysis by the Lung 
Nodule Assessment analysis software. The serum ACSL4, carcinoembryonic antigen (CEA), cytokeratin 19 fragment 21-1 
(CYFRA21-1), neuron-specific enolase, carbohydrate antigen 199 (CA199) and carbohydrate antigen 125 (CA125) levels 
were measured by enzyme-linked immunosorbent assay method. The demographic data and clinical data, including age, 
sex, body mass index, smoke condition, TNM stage, lymph node metastasis and distant metastasis were collected. All 
the patients were followed for 5 years. Statistical analysis was conducted using SPSS software with P < .05 as statistically 
different.

Results: The diameter of nodules, the proportion of burr signs and smoking status, and the serum levels of CEA, CYFRA21-1, 
CA199, CA125 were significantly higher in malignant nodules group compared with the benign nodules group. Serum ACSL4 levels 
of malignant nodules group (19.33 ± 6.92 ng/mL) were remarkably lower than the benign nodules group (25.34 ± 3.78 ng/mL). 
ACSL4 was negatively correlated with CEA, CYFRA21-1, CA199, and CA125. ACSL4 was associated with the clinical outcomes 
in malignant PN patients and lower ACSL4 predicted poor clinic outcomes and prognosis. In addition, ACSL4 combined with 
low-dose 256-slice spiral CT had satisfactory diagnostic value for lung cancer.

Conclusion: In summary, our results showed that combination application of ACSL4 and low-dose 256-slice spiral CT might 
be a potential method for the early screening of lung cancer.

Abbreviations: ACSL4 = long-chain acyl-CoA synthetase 4, CA125 = carbohydrate antigen 125, CA199 = carbohydrate 
antigen 199, CEA = carcinoembryonic antigen, CT = computed tomography, CYFRA21-1 = cytokeratin 19 fragment 21-1, ELISA 
= enzyme-linked immunosorbent assay, NSE = neuron-specific enolase, PN = pulmonary nodules, SIRT1 = sirtuin1.

Keywords: ACSL4, combination application, low-dose 256-slice spiral computed tomography (CT), lung cancer, pulmonary nod-
ules (PN)

1. Introduction

Lung cancer is one of the most common malignant tumors, with 
a high incidence and mortality rate worldwide.[1] Lung cancer 

accounted for 11.4% of all new cancer cases and 18.0% of new 
cancer-related deaths according to GLOBOCAN 2020, with 
more than 500,000 Chinese diagnosed with lung cancer each 
year.[2,3] The prognosis of lung cancer is related to the stage of 
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the disease at the time of detection, and early diagnosis can pro-
long survival time.[4,5] Therefore, early diagnosis of lung cancer 
is particularly important.

Low-dose spiral computed tomography (CT), with the 
advantages of low cost, convenient operation and no obvi-
ous trauma, has been widely used in the early diagnosis of 
lung cancer.[6] The early manifestation of lung cancer is pul-
monary nodules (PN). Radiologists use low-dose spiral CT 
to diagnose PN, and then preliminarily distinguish benign 
and malignant PN according to their density, size and shape, 
etc.[7,8] One study has shown that 96.4% of high-risk lung 
cancer patients with PN were benign nodules.[9] Using sur-
gery or bronchoscopy to further diagnose suspicious PN has 
high risk and costs that are unacceptable to some patients. 
Thus, it’s urgent to find new diagnostic methods and poten-
tially novel biomarkers to combine low-dose spiral CT for 
early diagnosis of lung cancer. As a member of the long-chain 
acyl-coenzyme synthetase (ACSL) family, long-chain acyl-
CoA synthetase-4 (ACSL4) is involved in the catabolism and 
biosynthesis of fatty acids.[10] Some studies have indicated 
that ACSL4 was associated with the development of multiple 
cancers, including colon cancer,[11] liver cancer,[12] breast can-
cer[13] and so on. TCGA database shows that the expression 
of ACSL4 decreases in patients with lung cancer.[14] However, 
so far, no clinical studies focus on the role of ACSL4 in lung 
cancer development and diagnosis.

In this prospective observational cohort research, we aimed 
to explore the serum ACSL4 levels in patients with lung cancer 
and its correlation with clinical results and analyze the diagnos-
tic performance of the combined application of ACSL4 and low-
dose 256-slice spiral CT to lung cancer. This study might reveal 
the clinical significance of ACSL4 in patients with lung cancer, 
as well as provide a valuable diagnostic method for lung cancer.

2. Methods and materials

2.1. Patients

This prospective observational cohort research enrolled a 
total of 512 patients with PN who were found with PN by 
CT. All patients went to our hospital from March 2013 to 
December 2016. The criteria for inclusion were as follows: 
age ≥ 18 years; nodule diameter between 6 and 30 mm; the 
lung tissue around the nodule was normal and without atel-
ectasis and hilar abnormalities; the patient received biopsy 
operation and had pathological findings. The exclusion cri-
teria included: patients who received chemotherapy or radio-
therapy before the study; patients with other cancers; patients 
with serious infection, severe liver, renal, and cardiovascular 

dysfunctions. All patients were divided into 2 groups through 
biopsy operation, including 449 patients with benign PN and 
63 patients with malignant PN. All patients signed written 
informed consent. The present study was approved by the 
Ethical Committee of the Third Affiliated Hospital of Qiqihar 
Medical University.

2.2. Chest CT image analysis

Both groups were scanned with a Philips Brilliance 256iCT 
machine: foreign bodies were removed before the scan, the scan 
area was from the thoracic inlet to the adrenal level, and the 
parameters were set before the scan: iDose 4th generation itera-
tive algorithm was selected: iDose4 3, tube current was 80 mAs, 
tube voltage was 100 kV, reconstruction matrix was 512 × 512, 
pitch was 0.8, rotation time was 0.5 second, and layer thick neu-
ron-specific enolase (NSE) and spacing were 1 mm. The patient 
was placed in a supine posture with arms up, and an experi-
enced physician instructed the patient to inhale forcefully, hold 
his breath during the scan, and then breathe normally after-
ward. After scanning, the images were transferred to the Philips 
256iCT EBW processing workstation. All images of the nodules 
were used for data measurement and image analysis by the Lung 
Nodule Assessment analysis software. Two clinical radiologists 
with more than 5 years of experience processed and evaluated 
the data and images separately and reached a unanimous opin-
ion. Imaging features of PN were recorded including: position, 
density (solid, or mixed), diameter, the internal structure (vac-
uolar sign, calcification, tracheal signs), edge features (smooth, 
lobulated, burr signs), etc. The imaging pictures of conscientious 
PN and malignant PN are shown in Figure 1.

2.3. Blood sampling measured by ELISA

The serum ACSL4, carcinoembryonic antigen (CEA), cytokeratin 
19 fragment 21-1 (CYFRA21-1), NSE, carbohydrate antigen 199 
(CA199) and carbohydrate antigen 125 (CA125) levels were mea-
sured by enzyme-linked immunosorbent assay (ELISA) method. 
Briefly, fasting cubital venous blood (5 mL) of all patients were 
collected within 24 hours after admission. The blood samples were 
collected and were centrifuged at 2000 g for 15 minutes. After cen-
trifugation, the levels of ACSL4, CEA, CYFRA21-1, NSE, CA199, 
and CA125 were tested using commercially available ELISA 
kits (ACSL4 MBS9331516 MyBioSource, CEA MBS2568098 
MyBioSource, CYFRA21-1 MBS162081 MyBioSource, NSE 
MBS761831 MyBioSource, CA199 MBS3802688 MyBioSource, 
CA125 MBS162768 MyBioSource) strictly according to the man-
ufacturer’s instructions.

Figure 1. A. Malignant nodule image from a 56-year-old male patient by low-dose 256-slice spiral CT. B. Benign nodule image from a 57-year-old female patient 
by low-dose 256-slice spiral CT. CT = computed tomography.



3

Yu et al. • Medicine (2023) 102:5 www.md-journal.com

2.4. Data collection and follow-up

Demographic data of all patients including age, sex, body mass 
index, smoke condition, TNM stage, lymph node metastasis, and 
distant metastasis were collected. All patients were followed up 
for 5 years and survival time and recurrence time were recorded.

2.5. Statistical analysis

Continuous data were presented by mean ± SD or median 
(range) according to distribution, which was confirmed by 
Kolmogorov–Smirnov analysis. Comparison between the two 
groups was conducted by Student’s t test for normally dis-
tributed data. Chi squared analysis was used to analyze the 
rates. The correlation among ACSL4 and tumor factors was 
analyzed by Pearson’s rank correlation analysis. Kaplan–Meier 
(K-M) curve was used for analyzing the survival time. Receiver 
operating characteristic curve was used for analysis of ACSL4 
and imaging diagnosis in PN patients. P < .05 regarded signifi-
cant difference. All data used SPSS 18.0 to statistical analyses.

3. Results

3.1. Basic clinical characteristics and imaging 
characteristics of all patients

This study enrolled a total of 512 patients with PN, including 
449 patients with benign PN and 63 patients with malignant 
PN. The smoking proportion and the serum levels of CEA, 
CYFRA21-1, CA199, CA125 were significantly higher in the 
malignant nodules group compared with the benign nodules 
group (Table  1). Compared with the benign nodules group, 
the diameter of nodules and the proportion of burr signs were 
markedly higher in malignant nodules group from the imaging 
characteristics. No other significant difference was found.

3.2. Serum ACSL4 levels in all patients and correlation with 
the cancer-related biomarkers

Then, the serum ACSL4 levels was determined. It was found 
that serum ACSL4 levels of the malignant nodules group 
(19.33 ± 6.92 ng/mL) were remarkably lower than the benign 
nodules group (25.34 ± 3.78 ng/mL) the suggesting ACSL4 was 
associated with deterioration of PN (Fig.  2). Pearson’s analy-
sis showed that ACSL4 was negatively correlated with CEA, 
CYFRA21-1, CA199, and CA125 (Table 2).

3.3. Correlation between serum ACSL4 level and the 
clinical outcome of patients with malignant PN

To further investigate the role of ACSL4 in malignant PN, all 
patients with malignant PN were divided into ACSL4 high lev-
els group and low levels group according to its mean value 
(19.33 ng/mL) and the clinical characteristics were compared. 
As summarized in Table  3, the diameter of tumors and the 
serum levels of CYFRA21-1, CA199 in the ACSL4 low levels 
group were significantly increased compared with the patients 
with high ACSL4 levels (P < .05). Besides, compared with the 
ACSL4 high levels group, the diameter of nodules and the pro-
portion of tumor stage III-IV, lymph node metastasis and dis-
tant metastasis were also significantly increased in the ACSL4 
low levels group. These results suggested that ACSL4 was 
associated with clinical outcomes and severity in patients with 
malignant PN.

3.4. Correlation between serum ACSL4 and lung cancer 
patients

The 5-year survival and relapse rates were analyzed in two 
groups of patients with high/low serum ACSL4 levels by 
K-M curve. The results showed that the low levels group had 
shorter 5-year survival time and higher recurrence rate (Fig. 3, 
P < .001).

3.5. Diagnostic value of ACSL4 for lung cancer

We draw receiver operating characteristic curves to evalu-
ate the diagnostic value of ACSL4 for lung cancer. The result 
showed that ACSL4 could be a potential diagnostic biomarker 
of lung cancer (Fig. 4), the AUC of ACSL4 was 0.762, cutoff 
value was 20.70 ng/mL, with a sensitivity of 65.1%, specificity 
of 90.2%.

3.6. Combination of serum ACSL4 and low-dose 256-slice 
spiral CT in the diagnosis of lung cancer

Finally, we analyzed the combined application of serum ACSL4 
and low-dose 256-slice spiral CT in the diagnosis of lung can-
cer, using the following formula: sensitivity = true positive/
(true positive + false negative) × 100%; specificity = true neg-
ative/(true negative + false positive) × 100%; accuracy = (true 
positive + true negative)/(true positive + false negative + false 
positive + true negative) × 100%. As shown in Table  4, the 

Table 1

Basic demographic data and clinical characteristics of all patients.

Variables Benign nodules, n = 449 Malignant nodules, n = 63 P 

Age, yr 47 (18–74) 42 (18–74) .622
Sex, Female (%) 216 (48.11) 37 (58.73) .156
BMI 25.70 (20.89–29.32) 25.89 (20.96–29.22) .715
Current smoker, n (%) 268 (59.69) 51 (80.95) .02
CEA (ng/mL) 18.10 ± 3.91 24.44 ± 6.58 <.001
NSE (ng/mL) 39.52 ± 8.56 38.20 ± 6.51 .242
CYFRA21-1 (ng/mL) 9.48 ± 1.10 11.74 ± 2.13 <.001
CA125 (kU/L) 14.85 ± 2.83 20.44 ± 3.69 <.001
CA199 (U/mL) 17.86 ± 4.89 24.62 ± 4.77 <.001
Nodules diameter, mm 13 (6–21) 20 (11–29) <.001
Burr signs, n (%) 149 (33.18) 36 (57.14) .01
Vacuolar signs, n (%) 54 (12.03) 10 (15.87) .542
Tracheal signs, n (%) 76 (16.93) 12 (19.05) .854
Lobulated, n (%) 91 (20.27) 16 (25.54) .498

P comparison between benign nodules patients and all malignant nodules patients.
BMI = body mass index, CA125 = carbohydrate antigen 125, CA199 = carbohydrate antigen 199, CEA = carcinoembryonic antigen, CYFRA21-1 = cytokeratin 19 fragment 21-1, NSE = neuron-specific 
enolase.
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application of ACSL4 combined low-dose 256-slice spiral CT 
had highest sensitivity in the diagnosis of lung cancer with 
the sensitivity of 95.24%, specificity of 75.29% and accuracy 
of 88.64% in the diagnosis of lung cancer. The above results 
showed that ACSL4 combined with low-dose 256-slice spiral 
CT had satisfactory diagnostic value for lung cancer.

4. Discussion
Though the diagnostic methods for Lung cancer have developed 
in the last decades, early diagnosis for Lung cancer lesions is still 
improving.[15] A study showed that the 5-year survival rate for 
lung cancer was only 15%, but early diagnosis could increase it 
to 70% to 80%.[16] Thus, it is urgent to develop new compre-
hensive approaches to reduce the mortality of lung cancer by 
prompt diagnosis. In the present study, we showed that serum 
ACSL4 levels were decreased in lung cancer patients. Lower 
ACSL4 levels predicted poor prognosis and lower ratio of 
5-year survival. Moreover, combination application of ACSL4 
and low-dose 256-slice spiral CT might be a potential method 
for the early screening of lung cancer.

Due to the difficulty of early diagnosis of lung cancer, various 
biomarkers have been used as potential prognostic biomarkers 
and diagnostic biomarkers of lung cancer. A retrospective study 
by Gharabaghi[17] found that sirtuin1 and baculoviral inhibitors 
of apoptosis repeat-containing 6 were significantly correlated 

with the progression of lung cancer, sirtuin1 and baculoviral 
inhibitors of apoptosis repeat-containing 6 might be new ther-
apeutic targets for lung cancer. Zhu et al[18] found that circular 
RNAs could be used as a diagnostic biomarker for the early 
screening of lung adenocarcinoma. A clinical study by Au-Duhier 
et al[19] confirmed plasma miRNA-21 was significantly higher in 
patients with lung cancer compared with healthy individuals, 
which could be used as an efficient biomarker for early detec-
tion of patients with lung cancer. Some common tumor markers 
(CEA,[20] CA125, CA199,[21] CYFRA 21-1[22]) can be also used to 
screen for lung cancer. ACSL4 had been shown to play a role in 
several cancers. Ye et al[23] study supported ACSL4 knockdown 
promoted subcutaneous xenografts’ growth in a mice model, 
and ACSL4 had an inhibitory effect on gastric cancer. Another 
study revealed that ACSL4 expression were negatively cor-
related with the severity of cervical cancer, and ACSL4 knock-
down increased the proliferation of Hela cells.[24] A clinical 
observational study by Sha et al[25] found ACSL4 was correlated 
with the clinical staging of tumors, in which higher ACSL4 lev-
els were related to a better survival rate. However, there is no 
more relevant report about the role of ACSL4 in lung cancer. In 
the present research, we found that the serum levels of ACSL4 
were decreased in patients with lung cancer and correlated with 
the severity of lung cancer, imaging characteristics of PN and 
tumor markers. In addition, we indicated that ACSL4 can be a 
potential clinical biomarker for diagnosed lung cancer.

Figure 2. Serum ACSL4 levels were significantly enhanced in patients with benign PN. ACSL4 = long-chain acyl-CoA synthetase 4, PN = pulmonary nodules.

Table 2

Correlation analysis among ACSL4 and the cancer-related biomarkers.

ACSL4 CEA NSE CYFRA21-1 CA199 CA125 

ACSL4
  Pearson’s correlation 1 −0.268 0.020 −0.328 −0.272 −0.224
  P  <.001 .658 <.001 <.001 <.001
CEA
  Pearson’s correlation −0.268 1 −0.008 0.293 0.200 0.233
  P <.001  .858 <.001 <.001 <.001
NSE
  Pearson’s correlation 0.002 −0.008 1 −0.041 0.010 −0.033
  P .658 .858  .357 .818 .454
CYFRA21-1
  Pearson’s correlation −0.328 −0.293 −0.041 1 −0.358 −0.282
  P <.001 <.001 .357  <.001 <.001
CA199
  Pearson’s correlation −0.224 0.233 −0.033 0.282 0.210 1
  P <.001 <.001 .454 <.001  <.001
CA125
  Pearson’s correlation −0.272 0.200 0.010 0.358 1 0.210
  P <.001 <.001 .818 <.001 <.001  

ACSL4 = long-chain acyl-CoA synthetase 4, BMI = body mass index, CA125 = carbohydrate antigen 125, CA199 = carbohydrate antigen 199, CEA = carcinoembryonic antigen, CYFRA21-1 = cytokeratin 
19 fragment 21-1, NSE = neuron-specific enolase.
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Low-dose spiral CT has become the primary means of early 
diagnosis of lung cancer with the development of imaging 
technology.[26] However, the accuracy of low-dose spiral CT 
is related to the experience of doctors and the false positive 
rate is high.[27] Some studies have shown that the specificity and 
accuracy of combined diagnosis are higher. Li et al[28] confirmed 
that combining serum CEA, CYFRA21-1, miRNA-21-5p, miR-
NA-574-5p and clinical features and imaging features could 
improve the malignant nodule prediction accuracy. Another 
study of a large number of lung cancer patients showed that 
combining miR-1268b and miR-6075 to diagnose early-stage 
lung cancer had high sensitivity and specificity (sensitivity 99%, 
specificity 99%).[29] Yu et al[30] found combining the fusion of 
3D CT and clinical biomarkers for the diagnosis of pathologi-
cal types on PN had higher average accuracy (0.906) in a fusion 
model. However, there were no more studies on combining 
biomarkers with low-dose spiral CT in the diagnosis of lung 
cancer. Our present study illustrated that the combination of 
serum ACSL4 and low-dose 256-slice spiral CT exhibited the 
potential in the early screening of lung cancer. Okamura et al[31] 
found that the common tumor marker CEA for the diagnosis 
of lung cancer with a sensitivity of 69% and specificity of 68%, 
while the sensitivity and specificity of CYFRA 21-1 were 43% 
and 89%. In addition, Chen et al[32] found the highest specificity 
(99.4%) of CA199 for the diagnosis of lung cancer. Compared 
with these studies, ACSL4 combined with low-dose 256-layer 
spiral CT was found to have a higher sensitivity (95.24%) in 
the diagnosis of lung cancer in our study. Overall, most of the 

studies suggested that the combined diagnosis has more valu-
able in the clinical diagnosis of lung cancer.[31,33] Thus, it seems 
that low-dose 256-layer spiral CT combined with ACSL4 and 
common tumor markers (e.g., CEA and CA199) may have bet-
ter diagnostic value for lung cancer, which needs to be verified 
by more prospective studies in the future.

5. Limitation
This research also has some limitations. First, we only included 
a small size of study population. Secondly, the molecular mech-
anism of ACSL4 affecting lung cancer development is unclear. 
Finally, the diagnostic value of low-dose spiral CT was not 
fully addressed. Further studies are needed to solve the above 
problems.

6. Conclusion
This study showed that serum ACSL4 levels were decreased in 
patients with lung cancer and were associated with patients’ 
clinical outcomes, imaging characteristics and severity. Lower 
ACSL4 levels predicted poor prognosis and lower ratio of 
5-year survival. Moreover, ACSL4 as well as combination appli-
cation of ACSL4 and low-dose 256-slice spiral CT might be a 
potential method for the early screening of lung cancer. This 
observational study might provide novel research targets for PN 
and new diagnostic methods for the early stage of lung cancer.

Table 3

Comparison between serum ACSL4 high levels group and ACSL4 low levels group in patients malignant PN.

Variables ACSL4 low, n = 34 ACSL4 high, n = 29 P 

Age, yr 43.79 ± 15.41 45.45 ± 17.40 .690
Sex, Female (%) 20 (58.82) 17 (58.62) 1.000
BMI 25.76 (20.96–29.22) 26.62 (21.08–28.88) .967
Current smoker, n (%) 27 (79.41) 24 (82.76) .589
CEA (ng/mL) 25.63 (13.70–38.67) 24.48 (12.81–33.03) .069
NSE (ng/mL) 37.31 (26.60–49.24) 38.65 (27.31–49.19) .684
CYFRA21-1 (ng/mL) 12.59 ± 2.12 10.75 ± 1.70 <.001
CA125 (kU/L) 21.23 ± 4.09 19.52 ± 2.97 .060
CA199 (U/mL) 26.14 ± 4.96 22.85 ± 3.91 .005
Tumor diameter, mm 21.41 ± 4.84 17.38 ± 3.88 .001
TNM stage
  Ⅰ–Ⅱ 15 (44.12) 27 (93.10) <.001
  Ⅲ–Ⅳ 19 (55.88) 2 (6.90) <.001
Lymph node metastasis, n (%) 21 (61.76) 4 (13.97) <.001
Distant metastasis, n (%) 8 (23.53) 0 (0) <.001
Burr signs, n (%) 21 (61.76) 15 (51.72) .199
Vacuolar signs, n (%) 4 (11.76) 6 (20.69) .127
Tracheal signs, n (%) 6 (17.65) 6 (20.69) .721
Lobulated, n (%) 9 (26.47) 7 (24.14) .870

ACSL4 = long-chain acyl-CoA synthetase 4, BMI = body mass index, CA125 = carbohydrate antigen 125, CA199 = carbohydrate antigen 199, CEA = carcinoembryonic antigen, CYFRA21-1 = cytokeratin 
19 fragment 21-1, NSE = neuron-specific enolase, PN = pulmonary nodules.

Figure 3 . K-M curves for 5-year survival and recurrence time for malignant PN patients with high/low serum levels of ACSL4. ACSL4 = long-chain acyl-CoA 
synthetase 4, PN = pulmonary nodules.
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