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Clinical significance of joint detection of serum CEA, 
SCCA, and bFGF in the diagnosis of lung cancer 
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Abstract: Lung cancer is a type of malignant tumor with highest morbidity and mortality. This study tested three 
tumor marker levels including CEA, SCCA, and bFGF to explore their value in lung cancer diagnosis and pathologi-
cal type judgment. Venous blood was extracted from lung cancer patients, lung benign lesion patients and healthy 
control. Electrochemiluminescence immunoassay was applied to detect serum CEA and SCCA content. ELISA was 
used to test serum bFGF level. Serum CEA, SCCA, and bFGF levels and positive rates were significantly higher in lung 
cancer group than that of lung benign disease group and health control (P < 0.05). bFGF showed higher detection 
sensitivity than CEA in lung cancer (P < 0.05). Three joint detection sensitivity was higher than single test (P < 0.05), 
while its specificity was lower (P < 0.05), and the accuracy presented no significant difference. Serum CEA and SCCA 
levels and positive rates were obviously higher in non-small cell lung cancer patients when compared with small 
cell lung cancer patients (P < 0.05), while bFGF level was similar between small cell lung cancer and non-small cell 
lung cancer. bFGF showed higher detection rate than SCCA in small cell lung cancer (P < 0.05). Three joint detec-
tion exhibited higher positive rate in small cell lung cancer and non-small lung cancer than single test. Serum CEA, 
SCCA and bFGF joint detection improved detection sensitivity in lung cancer and had important reference value for 
pathological type deduction.
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Introduction

With the progress of industrialization and 
changes in lifestyle, the incidence of lung can-
cer has been continuing to rise. Its morbidity 
and mortality has reached the highest among 
all malignant tumors. The early diagnosis and 
treatment techniques are closely related to the 
survival rate of lung cancer. Although the treat-
ment technologies for lung cancer have greatly 
improved, its five-year survival rate has not sig-
nificantly increased. Therefore, the search for 
novel techniques for early diagnosis of lung 
cancer has become a research hotspot. Cur- 
rently, pathological and cytological examina-
tions are commonly used for the diagnosis of 
lung cancer. However, their applications are 
largely restricted due to the invasive procedure 
of tissue sampling. Occasionally, the procedure 
has to be repeated in order for accurate diag-
nosis, which is time-consuming and inconve-
nient. Moreover, diagnosis based on signs, sym- 

ptoms and imaging may not be accurate. It is 
therefore necessary to develop a diagnosis 
method with high specificity, sensitivity, and 
simple operation.

The occurrence and development of tumor is a 
multi-stage slow process, involving a wide range 
of molecular biological changes. With the devel-
opment of molecular technologies, increasingly 
more tumor markers have been applied in clin-
ic. Diagnosis methods based on tumor markers 
are easily accepted by patients due to their con-
venience and high sensitivity. The application of 
tumor markers for the screening and clinical 
diagnosis of cancer has been increasingly ac- 
knowledged. 

Carcinoembryonic antigen (CEA) is a type of 
acidoglycoprotein with human embryo antigen 
specificity, which is mainly expressed in fetal 
gastrointestinal epithelial tissue, pancreas and 
liver. While its content in normal tissue is low, 
its concentration is substantially increased in 
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many types of cancer such as gastric carcino-
ma [1] and colorectal cancer [2, 3]. It has been 
found that the serum CEA also increases in 
patients with lung cancer [4] and its concentra-
tion is correlated with the prognosis of patients 
[5]. For instance, Takahashi et al. [6] have 
shown that CEA level is an important predictive 
factor for the postoperative survival rate in 
patients with non-small cell lung cancer. CEA is 
a broad-spectrum tumor marker identified in a 
variety of tumors, and therefore its application 
in the diagnosis has been largely limited by its 
poor specificity. Numerous researches have 
focused on the predictive value of joint detec-
tion of CEA and other tumor markers in the 
diagnosis of lung cancer [7].

Squamous cell carcinoma antigen (SCCA) is a 
squamous epithelial related antigen TA-4 iso-
lated from the uterus squamous epithelium by 
Kato et al. in 1977 [8] that belongs to the ser-
ine protease inhibitor family [9]. SCCA is closely 
associated with the occurrence and develop-
ment of squamous cell carcinoma. It has been 
found that its serum concentration is elevated 

was found to be up-regulated in lung cancer 
patients [15]. However, its value in the diagno-
sis of lung cancer has not yet been clarified. 
Moreover, the sensitivity or specificity of detec-
tion of single marker is usually poor. In this 
study, serum levels of CEA, SCCA, and bFGF in 
patients with lung cancer and lung benign dis-
ease, and healthy controls were compared to 
investigate their value in the diagnosis and 
determination of pathological types of lung 
cancer.

Materials and methods

Main reagents and instruments

Electrochemical luminescence automatic im- 
munity analyzer was obtained from Roche 
(Basel, Switzerland). Thermo Fisher Multiskan 
FC microplate reader was provided by Thermo 
Fisher Scientific Inc. (Waltham, MA, USA). CEA 
and SCCA detection kits were purchased from 
Roche. bFGF enzyme-linked immunosorbent 
assay kit was purchased from R&D Systems 
(Minneapolis, MN, USA). 

Table 1. Comparison of serum CEA, SCCA, and bFGF levels in each 
group
Group n CEA (ng/ml) SCCA (ng/ml) bFGF (pg/ml)
Lung cancer 135 37.57±29.48a,b 3.12±2.38a,b 7.35±3.15a,b

Lung benign lesion 113 3.01±1.97c 0.56±0.23c 3.01±2.12
Healthy control 147 2.43±1.48 0.47±0.29 2.85±2.03
aP < 0.05 when lung cancer group was compared with healthy controls; bP < 0.05 
when lung cancer group was compared with lung benign lesion group; and cP < 
0.05 when lung benign lesion group was compared with healthy controls.

Figure 1. Comparison of serum CEA, SCCA, and bFGF.

in a variety of tumors includ-
ing lung cancer. Moreover, 
SCCA has been confirmed to 
be closely related to the prog-
nosis of lung cancer [10]. In 
addition, some studies also 
suggest that SCCA in the 
breath condensate might be 
served as a marker for early 
diagnosis of lung cancer [11].

Basic fibroblast growth factor 
(bFGF) is a protein that can 
promote the proliferation and 
division of fibroblasts. It can 
also stimulate and regulate 
the proliferation of vascular 
endothelial cells and epitheli-
al cells. Moreover, it plays an 
important role in the process 
of tumor metastasis and an- 
giogenesis [12]. It has been 
shown that bFGF is overex-
pressed in a variety of tumors 
and closely associated with 
their development, metasta-
sis and prognosis, such as 
laryngeal squamous carcino-
ma [13] and breast cancer 
[14]. Currently, serum bFGF 
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Experimental subjects

A total of 135 patients with pathologically con-
firmed lung cancer who were admitted into our 
Hospital from January 2012 to December 2013 
were enrolled in this study, including 84 males 
and 51 females. The mean age was 58.54±3.62 
(32-76) years. And there were 104 cases of 
non-small cell lung cancer and 31 cases of 
small cell lung cancer. A total of 113 cases of 
patients with lung benign lesions including 
pneumonia, chronic bronchitis, emphysema, 
and pulmonary tuberculosis were selected, 
including 71 males and 42 females with a mean 
age of 57.96±3.45 (30-74) years. A total of 147 
healthy controls were selected including 89 
males and 58 females with a mean age of 
58.14±3.56 (38-76) years. There was no signifi-
cant difference in age and gender ratio among 
these three groups. All enrolled subjects had 
signed the informed consent, and the study 
was approved by the Institutional Review Board 
of the hospital.

Experimental methods

A total of 3 mL of venous blood was collected. 
Serum was isolated by centrifugation at 3000 
rpm for 10 min for further analysis. Serum CEA 
and SCCA content was detected using electro-
chemiluminescence immunoassay kit accord-
ing to the manufacture’s instruction. Serum 
bFGF level was detected by ELISA. The critical 
value of the three markers was as follows: CEA 

and bFGF levels in lung cancer group were sig-
nificantly increased compared with healthy 
controls (P < 0.05). And lung benign disease 
group (P < 0.05). Although serum CEA and 
SCCA levels in lung benign lesion group was 
markedly higher than those in healthy controls 
(P < 0.05), they were in normal range (Figure 1). 
In addition, bFGF level of the two groups was 
similar (P > 0.05).

Comparison of serum CEA, SCCA and bFGF 
positive rates in each group

Serum CEA, SCCA, and bFGF positive rates in 
lung cancer group were 49.6%, 51.9%, and 
62.2%, respectively (Table 2). Results in chi-
square tests revealed significant difference in 
serum CEA, SCCA, and bFGF positive rates 
among the three groups (P < 0.05). Pairwise 
comparison demonstrated that serum CEA, 
SCCA, and bFGF positive rates in lung cancer 
group were significant higher compared with 
lung benign disease group and healthy controls 
(P < 0.05). In addition, no significant difference 
in the positive rate of the three markers was 
observed between lung benign lesion group 
and healthy controls (P > 0.05).

Sensitivity and specificity of single and joint 
detections of serum CEA, SCCA, bFGF in the 
diagnosis of lung cancer 

The sensitivity, specificity and accuracy of sin-
gle and joint detections of serum CEA, SCCA, 

> 5.0 ng/mL, SCCA > 1.5 ng/mL and 
bFGF > 4.8 pg/mL.

Statistical analysis

All statistical analyses were performed 
using SPSS13.0 software. Differences 
between multiple groups were analyzed 
by ANOVA or Chi-square tests. Inspection 
level α=0.05. P < 0.05 was considered 
statistically significant.

Results

Comparison of serum CEA, SCCA, and 
bFGF levels in each group

As shown in Table 1. There were signifi-
cant differences in serum CEA, SCCA 
and bFGF levels among the three groups 
(P < 0.05). Further, pairwise comparison 
was performed by Bonferroni method. 
Results showed that serum CEA, SCCA 

Table 2. Comparison of positive rate of serum CEA, 
SCCA and bFGF in each group
Group n CEA SCCA bFGF
Lung cancer 135 67 (49.6%) 70 (51.9%) 84 (62.2%)
Lung benign lesion 113 14 (12.4%) 16 (14.2%) 17 (15.0%)
Healthy control 147 13 (8.8%) 15 (10.2%) 16 (10.8%)
χ2 value 75.91 74.97 104.64
P value < 0.001 < 0.001 < 0.001

Table 3. Sensitivity, specificity and accuracy of single 
and joint detections of serum CEA, SCCA, bFGF levels
Index Sensitivity (%) Specificity (%) Accuracy (%)
CEA 49.6 89.6 75.9
SCCA 51.9 88.1 75.7
bFGF 62.2a 87.3 78.7
CEA+SCCA+bFGF 88.1a,b,c 77.7a,b,c 81.3
aP < 0.05 compared with CEA; bP < 0.05 compared with SCCA; and cP 
< 0.05 compared with bFGF.
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bFGF levels were analyzed (Table 3). Chi-square 
tests revealed that the sensitivity of bFGF 
detection was significantly higher than that of 
CEA in lung cancer (χ2=4.34, P=0.037), but 
was similar to that of SCCA (χ2=2.96, P=0.085). 
The specificity and accuracy of bFGF detection 
was not significantly different from those of 
CEA and SCCA detection (P > 0.05). The sensi-
tivity of joint detection of the three markers in 
lung cancer group (88.1%) was significantly 
higher than that of each single detection (P < 
0.05), whereas the specificity of joint detection 
(77.7%) was significantly lower compared with 
single detection (P < 0.05). Additionally, the 
accuracy of joint detection (81.3%) was similar 
to that of single detection (P > 0.05).

Comparison of serum CEA, SCCA and bFGF 
levels in different pathological types

Serum CEA, SCCA, and bFGF levels in different 
pathological types were compared by t-tests. 
Results showed that serum CEA and SCCA lev-
els in patients with non-small cell lung cancer 
were significantly higher compared with pa- 
tients with small cell lung cancer (P < 0.05), 
whereas no significant difference in serum 
bFGF level was observed between in small cell 
lung cancer and non-small cell lung cancer 
groups (P > 0.05) (Table 4).

Positive rates of single and joint detection of 
serum CEA, SCCA, and bFGF in different path-
ological types

The positive rates of single and joint detection 
of serum CEA, SCCA and bFGF in non-small cell 

cell lung cancer. The positive rate of joint detec-
tion in both small cell lung cancer and non-
small lung cancer was significantly higher com-
pared with single detection (P < 0.05) (Table 5).

Discussion

Serum tumor markers have been widely used 
for the screening and diagnosis of primary 
tumor and are easily accepted by patients a 
convenient and noninvasive method. The se- 
arch for reliable tumor markers with high sensi-
tivity and specificity has become a research 
hotspot. Several tumor markers have been 
found to be associated with the occurrence of 
lung cancer, such as CEA, CA125, etc. [16]. 
However, the sensitivity and specificity of single 
detection of tumor marker is usually relatively 
lower compared with detection of tumor marker 
group composed of three or four markers with 
different features, sensitivity and complemen-
tation. Although it has been found that serum 
bFGF level was elevated in lung cancer patients, 
its value in the diagnosis of lung cancer is still 
unclarified. In this study, we investigated the 
value of single and joint detection of serum 
bFGF, CEA and SCCA levels in the diagnosis and 
determination of pathological type of lung can-
cer. It was found that the detection of serum 
CEA, SCCA and bFGF was quite helpful for the 
clinical diagnosis of lung cancer. The sensitivity 
of serum bFGF detection was significantly high-
er than that of CEA, and its positive detection 
rate in small cell lung cancer was higher com-
pared with SCCA, suggesting that joint detec-
tion of bFGF could improve the sensitivity of 

Table 4. Comparison of serum CEA, SCCA and bFGF levels in differ-
ent pathological types
Pathological type n CEA (ng/ml) SCCA (ng/ml) bFGF (ng/ml)
Non-small cell lung cancer 104 41.25±31.58 3.47±2.46 7.37±3.19
Small cell lung cancer 31 25.22±22.43 1.95±2.11 7.28±3.02
T value 3.15 3.11 0.14
P value < 0.01 < 0.01 0.44

lung cancer were signifi-
cantly higher compared wi- 
th small cell lung cancer (P 
< 0.05), whereas no signifi-
cant difference in the posi-
tive rates of bFGF detection 
was observed between dif-
ferent pathological types (P 
> 0.05). In addition, no sig-
nificant difference in the 
positive rates of single de- 
tection of the three mark-
ers was observed in non-
small cell lung cancer (P > 
0.05). The detection rate  
of bFGF was significantly 
higher than that of SC- 
CA (χ2=4.35, P=0.037), but 
was similar to that of CEA 
(χ2=3.28, P=0.070) in small 

Table 5. Positive rates of single and joint detection of serum CEA, 
SCCA, and bFGF in different pathological types 

Index Non-small cell lung 
cancer (n=104)

Small cell lung 
cancer (n=31) χ2 value P value

CEA 58 (55.8%) 9 (29.0%) 6.83 < 0.01
SCCA 62 (59.6%) 8 (25.8%) 10.25 < 0.01
bFGF 68 (65.4%) 16 (51.6%) 1.93 0.17
CEA+SCCA+bFGF 95 (91.3%) 24 (77.4%) 4.43 0.04
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lung cancer diagnosis, especially for small cell 
lung cancer. CEA and SCCA showed higher 
detection sensitivity for non-small cell lung can-
cer compared with small cell lung cancer, indi-
cating the clinical significance of serum CEA, 
SCCA, and bFGF detection in the determination 
of pathological types of lung cancer. CEA is a 
broad-spectrum tumor marker and has been 
identified in patients with colorectal cancer. It 
has also been shown that serum CEA level is 
significantly increased in lung cancer [17]. Our 
results demonstrated that the sensitivity and 
specificity of CEA for the diagnosis of lung can-
cer was 49.6% and 89.6%, respectively, which 
is consistent with a previous report by Wang et 
al. [18]. Moreover, the positive rate of serum 
CEA detection in non-small cell lung cancer was 
higher than that of small cell lung cancer, which 
is consistent with a previous study [19]. SCCA is 
a type of antigen produced by squamous epi-
thelial cells. Our results showed that serum 
SCCA level was increased in patients with lung 
cancer and was significantly higher in non-
small cell lung cancer compared with small cell 
lung cancer, which is consistent to previous 
findings [19]. bFGF is also highly expressed in a 
variety of tumors. It has been found that [20] 
bFGF is highly expressed in lung cancer and is 
closely associated with the prognosis of lung 
cancer. To date, the significance of serum bFGF 
in the diagnosis of lung cancer has not been 
previously reported. In this study, we revealed a 
significant increase in serum bFGF level in lung 
cancer patients, which is consistent with previ-
ous studies [21]. Furthermore, the sensitivity of 
serum bFGF detection in lung cancer was sig-
nificantly higher than that of CEA, indicating 
that joint detection of bFGF and CEA could 
greatly improve the diagnostic sensitivity of 
lung cancer. Therefore, we developed the joint 
detection of CEA, SCCA and bFGF, and found 
that its sensitivity was significantly improved in 
lung cancer. Nevertheless, its specificity was 
reduced to a certain extent. 

Although the diagnostic value of CEA and SCCA 
in lung cancer has been frequently reported, to 
our knowledge, our study is the first report on 
the role of serum bFGF detection for the diag-
nosis of lung cancer. We found that its sensitiv-
ity was higher compared with CEA in lung can-
cer and SCCA in small cell lung cancer, suggest-
ing the auxiliary diagnostic value of bFGF in 
lung cancer. Furthermore, the sensitivity of 
joint detection was significantly higher than 

that of single test. Other combinations of tumor 
markers may be explored in the future to 
improve early diagnosis and to facilitate early 
treatment of lung cancer in order to improve 
patients’ survival rate and quality of life.
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