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The detection of serum tumor markers is valuable for the early diagnosis of lung cancer. Tumor markers are frequently used for
the management of cancer patients. However, single markers are less efficient but marker combinations increase the cost, which is
troublesome for clinics. To find an optimal serummarker combination panel that benefits the patients and themedicalmanagement
system as well, four routine lung cancer serum markers (SCCA, NSE, CEA, and CYFRA21-1) were evaluated individually and in
combination. Meanwhile, the costs and effects of these markers in clinical practice in China were assessed by cost-effectiveness
analysis. As expected, combinations of these tumor markers improved their sensitivity for lung cancer and different combination
panels had their own usefulness. NSE + CEA + CYFRA21-1 was the optimal combination panel with highest Youden’s index (0.64),
higher sensitivity (75.76%), and specificity (88.57%), which can aid the clinical diagnosis of lung cancer. Nevertheless, the most
cost-effective combination was SCCA + CEA, which can be used to screen the high-risk group.

1. Introduction

Lung cancer has the highest incidence and mortality of
any cancer worldwide. In 2008, 1.61 million new cases were
reported, and 1.38 million deaths were attributed to lung
cancer. The highest rates are in Europe and North America.
In contrast to the decliningmortality rate inmen, lung cancer
mortality rates in women have been rising over the recent
decades [1]. In China, lung cancer has the highest incidence,
and it is the leading cause of mortality of all cancers. This
cancer is increasing at a rapid rate, and both incidence and
mortality are steadily growing. China will drive up global
rates of lung cancer in the foreseeable future [2].

Lung cancer patients often do not exhibit specific symp-
toms, particularly in early stages. Therefore, the majority of
lung cancer patients are diagnosed at an advanced stage,
which undermines their effective treatment. Currently, con-
ventional diagnostic tests such as chest radiographs, com-
puted tomography (CT) scans, and fiber optic bronchoscopy
(FB) are not sensitive enough for effective early detection.
Meanwhile, the benign pulmonary nodules and malignant

tumors cannot be distinguished by imaging methods cur-
rently [3, 4]. Whereas, the pathological and cytological
detections needed to obtain biopsy samples are invasive and
difficult to repeat. Serum tumor markers are proteins that
can be found in the blood, and their higher-than-normal
concentrations have resulted in their widespread use in
oncology [5, 6].

Early studies have illustrated the significance of serum
tumor markers in the detection, prognosis, and follow-up
of lung cancer [7–9]. Serum tumor markers such as carci-
noembryonic antigen (CEA), squamous carcinoma antigen
(SCCA), neuron specific enolase (NSE), and cytokeratin frag-
ment (CYFRA21-1) have been investigated in patients with
lung cancer. SCCA is a tumor-associated antigen originally
isolated from squamous cell carcinoma of the uterine cervix
[10]. Serum antigen levels have been used to follow the tumor
status of squamous cell carcinomas, including those of the
head and neck, oral cavity, esophagus, and lung [6]. NSE is
the 𝛾𝛾 dimer (isoenzyme) of enolase, which was first found
in brain tissue extract and has been shown to be present
in neuroendocrine cells and tumors [11]. NSE is a selective
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Table 1: Patient characteristics.

Lung cancer group (132) Pulmonary benign disease group (48) Normal group (92)
Gender

Male 88 28 48
Female 44 20 44

Age 28∼81 (54.6) 22∼82 (56.3) 18∼82 (53.5)
Lung cancer

Histology
Adenocarcinoma 68
Squamous cell lung cancer 56
Small cell lung cancer 8

NSCLC stages
I/II 73
III/IV 51

SCLC stages
Limited disease 3
Extensive disease 5

Pulmonary benign disease
Pneumonia 14
Pleural effusion 12
Bronchiectasia 4
Pulmonary abscess 2
Phthisis 16

marker for small-cell carcinoma [12]. CEAwas first identified
by GOLD and FREEDMAN in 1965 as an antigen specific
for digestive tract adenocarcinomas [13]. In comparative
studies [14–16], CYFRA 21-1 has proven to be the marker
of choice in nonsmall cell lung cancer and also exhibits
independent prognostic value [17]. Serum biomarkers are
useful for physicians to screen, diagnose, and treat lung
cancer.

However, the diagnostic value of a single marker is
limited by its sensitivity and specificity [12, 18]. Therefore,
combination marker panel is frequently chosen in the clinic.
However, combination panel has increased costs. China is
a developing country with a large population where nearly
70% of the people live in poor rural areas. Hence, the cost-
effectiveness of each assay is an important consideration.

Aims of this study were (1) to further evaluate the clinical
value of four common serummarkers (SCCA,NSE,CEA, and
CYFRA21-1) in our cohort and (2) to find an optimal serum
marker combination panel that benefits both patients and the
medical insurance system.

2. Materials and Methods

2.1. Patient Population. Three groups of people were selected
between March 2008 and December 2008 from the Tianjin
Medical University Cancer Institute and Hospital. The first
group comprised lung cancer patients. The diagnosis of each
patient was confirmed by clinical outcome, imaging diag-
nosis and histological examinations. Stage and histological
classification were evaluated according to the World Health
Organization (WHO) 1999 lung cancer classification. All
samples were collected before treatment. The second group

was composed of patients with benign pulmonary diseases.
In-patients with pneumonia, pleural effusion, bronchiectasia,
and pulmonary abscess diagnoses were randomly selected.
Patients were confirmed by routine standard diagnostic
methods or histological examination, those patients with a
history of malignant disease, digestive or kidney disease, or
two or more concomitant lung diseases were excluded. The
third group served as the healthy control group. Healthy peo-
ple who took a physical examination and all the examination
in the normal range were included, except for those with a
family history of lung cancer. Detailed patient characteristics
are described in Table 1.

2.2. Sample Collection and Detection. A 3mL fasting venous
blood sample was collected from each patient in the morning
into a sterile tube. The samples were then centrifuged at
2,500 rpm for 20min. The serums were stored at +4∘C and
at −70∘C on the longterm. The SCCA concentration was
determined by a microparticle enzyme immunoassay using
Abbott reagent sets (Abbott, USA) and measured by a chem-
ical luminescence analyzer (ARCHITECT i2000SR, Abbott,
USA). The NSE, CEA, and CYFRA21-1 concentrations were
detected by electrochemical luminescence (Roche Diagnos-
tics, Shanghai, China). According to each manufacturer’s
recommendations, the positive cut-off values for eachmarker
were 1.5 ng/mL for SCCA, 5.0 ng/mL for CEA, 3.3 ng/mL for
CYFRA21-1, and 15.2 ng/mL for NSE. A positive sample was
considered to be a sample with at least one positive serum
marker in the marker combination panel.

2.3. Cost-Effectiveness Analysis. The cost-effectiveness of the
combination marker panel was evaluated in lung cancer
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Table 2: Concentrations of SCCA, NSE, CEA, and CYFRA21-1 in serum (ng/mL, 𝑥 ± 𝑠).

Group Number SCCA NSE CEA CYFRA21-1
Lung cancer 132 1.73 ± 3.98

∗

19.45 ± 14.47
∗∗

17.81 ± 35.79
∗∗

6.54 ± 7.36
∗∗

Pulmonary benign disease 48 0.38 ± 0.55 10.88 ± 1.87 1.13 ± 0.24
∗∗

1.72 ± 0.83
∗∗

Healthy control 92 0.17 ± 0.10 9.09 ± 2.81 0.78 ± 0.30 1.03 ± 0.52

P value was calculated by Student’s t-test ∗compared to healthy control, 𝑃 < 0.05; ∗∗compared to healthy control, 𝑃 < 0.01.
compared to pulmonary benign disease, 𝑃 < 0.05; compared to pulmonary benign disease, 𝑃 < 0.01.

Table 3: The relationship between SCCA, NSE, CEA, and CYFRA21-1 and the clinicopathological factors (ng/mL, 𝑥 ± 𝑠).

Clinicopathological characteristics 𝑁 SCCA NSE CEA CYFRA21-1
Histological classification

Adenocarcinoma 68 0.22 ± 0.26 17.95 ± 8.30 30.76 ± 46.78
∗

4.00 ± 3.76

Squamous cell lung cancer 56 3.79 ± 5.56
∗

16.83 ± 5.66 4.49 ± 2.49 10.34 ± 9.38
∗

Small cell lung cancer 8 0.15 ± 0.07 50.80 ± 22.60
∗

1.81 ± 1.05 1.31 ± 0.30

NSCLC TNM stage
I/II 73 2.59 ± 4.92 15.21 ± 4.53 7.44 ± 8.36 7.32 ± 9.01

III/IV 51 0.70 ± 1.03 21.94 ± 19.15 33.71 ± 50.04
∗

5.65 ± 3.99

SCLC stage
Limited disease (LD) 3 2.06 ± 1.87 23.43 ± 16.74 7.27 ± 6.12 7.11 ± 5.23

Extensive disease (ED) 5 0.86 ± 0.79 25.02 ± 10.90 33.51 ± 29.63
∗

5.92 ± 3.80

P value was calculated by Student’s t-test ∗P < 0.05.

group. The effectiveness is determined by the tumor marker
sensitivity, and the cost depends on the expense that patients
incur for the detection. According to the charge fee in the
third class A level hospital in Tianjin, the cost for SCCA
detection was ¥77, and detections for the other three markers
(NSE, CEA, CYFRA21-1) were each ¥100.

2.4. Statistical Analysis. Statistical analysis was performed
using SPSS Statistics 19.0 (SPSS, Inc., Chicago, IL). The
association between serum markers and lung cancer charac-
teristics including stage and histological classification were
compared by Student’s t-test. The data were described by
means ± standard deviation. The sensitivity, specificity, and
Youden’s index of single markers and combination markers
were calculated. Receiver operation characteristic (ROC)
curves were used to estimate the diagnostic efficiency of
each marker. Three levels are stratified into no diagnostic
value (<0.5), lower accuracy (0.5–0.7), higher accuracy (0.7–
0.9), and highest accuracy (>0.9). Based on the statistics, the
accuracy of the diagnostic assay is enhanced as the area under
the ROC curve increases [19, 20]. A similar trend is exhibited
byYouden’s index [21]; the accuracy of the diagnostic strength
increases with the index. Cost-effectiveness was analyzed by
a cost-benefit ratio.

3. Results

3.1. Comparison of the SCCA, NSE, CEA, and CYFRA21-
1 Concentrations in the Lung Cancer Group, Benign Lung
Disease Group, and Healthy Control Group. Table 2 showed
that the four markers were more abundant in the lung
cancer group than in the healthy control group; NSE, CEA,
and CYFRA21-1 were dramatically increased (𝑃 < 0.01).

The concentrations of CEA and CYFRA21-1 were higher in
the benign disease group than in the healthy group (𝑃 <
0.01).The SCCA concentrationwas not significantly different
between the cancer and benign disease groups, but the
remaining three markers were significantly different in the
two groups.

3.2. Comparison of the SCCA, NSE, CEA, and CYFRA21-
1 Concentrations among Each Clinicopathological Factor in
the Cancer Group. Table 3 showed a significant increase in
the concentrations of SCCA and CYFRA21-1 in squamous
cell carcinoma, an increased NSE concentration in small
cell carcinoma, and an increased CEA concentration in
adenocarcinoma (𝑃 < 0.05).

With respect to TNM stage, only CEA was dramatically
increased in stages III/IV when compared to stages I/II
(𝑃 < 0.05), while no differences were observed in the
concentrations of the SCCA, NSE, and CYFRA21-1 markers
between the two stages. Similar to the trend in TNM stage,
CEA demonstrated a higher concentration in the extensive
disease group than in the limited disease. No significant
difference was observed in the remaining three markers.

3.3. Comparison on ROC Curves of SCCA, NSE, CEA, and
CYFRA21-1. Figure 1 demonstrated that the sensitivities of
NSE, CEA, and CYFRA21-1 (𝑃 < 0.05) were better than
those of SCCA.The areas under the curves of NSE, CEA, and
CYFRA21-1 were 0.928 ± 0.034, 0.957 ± 0.026, and 0.964 ±
0.023, respectively.

3.4. Comparison of the Sensitivity, Specificity, and Youden’s
Index of the Four Markers Individually and in Combination.
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Table 4: The sensitivity, specificity, and Youden’s index of the four markers individually and in combination.

Tumor markers Sensitivity (%) Specificity (%) Youden’s index

Adenocarcinoma
Squamous
cell lung
cancer

Small cell
lung cancer Lung cancer

SCCA 7.35 (5/68) 50.00 (28/56) 12.50 (1/8) 25.76 (34/132) 94.29 (132/140) 0.20
NSE 47.06 (32/68) 50.00 (28/56) 50.00 (4/8) 48.48 (64/132) 91.43 (128/140) 0.40
CEA 58.82 (40/68) 35.71 (20/56) 0.00 (0/8) 45.45 (60/132) 89.29 (125/140) 0.35
CYFRA21-1 29.41 (20/68) 71.43 (40/56) 12.50 (1/8) 46.21 (61/132) 97.14 (136/140) 0.43
SCCA + NSE 47.06 (32/68) 67.86 (38/56) 62.50 (5/8) 56.82 (75/132) 91.43 (128/140) 0.48
SCCA + CEA 58.82 (40/68) 69.64 (39/56) 12.50 (1/8) 60.61 (80/132) 89.29 (125/140) 0.50
SCCA + CYFRA21-1 29.41 (20/68) 71.43 (40/56) 25.00 (2/8) 46.97 (62/132) 90.71 (127/140) 0.38
NSE + CEA 66.18 (45/68) 71.43 (40/56) 50.00 (4/8) 67.42 (89/132) 89.29 (125/140) 0.57
NSE + CYFRA21-1 52.94 (36/68) 78.57 (44/56) 62.50 (5/8) 64.39 (85/132) 88.57 (124/140) 0.53
CEA + CYFRA21-1 58.82 (40/68) 78.57 (44/56) 12.50 (1/8) 64.39 (85/132) 89.29 (125/140) 0.54
SCCA + NSE + CEA 67.65 (46/68) 75.00 (42/56) 62.50 (5/8) 70.45 (93/132) 89.29 (125/140) 0.60
SCCA + NSE + CYFRA21-1 52.94 (36/68) 78.57 (44/56) 75.00 (6/8) 65.15 (86/132) 88.57 (124/140) 0.54
SCCA + CEA + CYFRA21-1 58.82 (40/68) 91.07 (51/56) 25.00 (2/8) 70.45 (93/132) 89.29 (125/140) 0.60
NSE + CEA + CYFRA21-1 66.18 (45/68) 89.29 (50/56) 62.50 (5/8) 75.76 (100/132) 88.57 (124/140) 0.64
SCCA + NSE + CEA + CYFRA21-1 67.65 (46/68) 91.07 (51/56) 75.00 (6/8) 78.03 (103/132) 85.00 (119/140) 0.63

In descending order of individual sensitivity, the tumor
markers were NSE (48.48%) > CYFRA21-1(46.21%) > CEA
(45.45%) > SCCA (25.76%) (Table 4). The combination of
tumor markers can improve the sensitivity, and the com-
bination of NSE+CEA+CYFRA21-1 ranked the highest in
Youden’s index (0.64) with higher sensitivity (75.76%) and
specificity (88.57%).

3.5. Cost-Effectiveness Analysis. In the cost-effectiveness
analysis, only the combination markers whose sensitivity
exceeded 50% were included. The combination of SCCA
and NSE was taken as the healthy control group because it
exhibited the lowest sensitivity and the lowest cost. Table 5
demonstrated that the most cost-effective combination was
SCCA+CEA given that its cost was the lowest; furthermore,
its cost was the lowest per 1% of sensitivity. When the cost of
the assays was decreased by 10%, the cost of the SCCA+CEA
combination was still the lowest as well as the ratio of cost to
sensitivity.

4. Discussion

In this study, four common serum markers (SCCA, NSE,
CEA, and CYFRA21-1) in lung cancer were evaluated indi-
vidually and in combination. In addition to sensitivity and
specificity, the ROC curve and Youden’s index were applied,
which are more accurate, effective, and comprehensive
indexes for validation. Compared to SCCA, the markers
NSE, CEA, and CYFRA21-1 were more accurate according
to both higher Youden’s indexes (0.40, 0.35, 0.43) and larger
areas under ROC curves (0.928 ± 0.034, 0.957 ± 0.026,
and 0.964 ± 0.023). However, the sensitivities of all four
individual markers in our investigation were lower than 50%.
Table 4 demonstrates that the combination of tumor markers

is one way to improve their sensitivities. The combination
of NSE+CEA+CYFRA21-1 might be an optimal choice due
to the highest Youden’s index (0.64) with higher sensitivity
(75.76%) and specificity (88.57%). Furthermore, different
combination panels can assist to differentiate histological
subtype of lung cancer. The combination of SCCA, NSE,
and CEA with the highest sensitivity (67.65%) and higher
specificity (89.29%) can help in the diagnosis of AC; SCCA,
CEA, and CYFRA21-1 (91.07% and 89.29%) can aid to the
diagnosis of SCC; and SCCA, NSE, and CYFRA21-1 (75.00%
and 88.57%) can assist in the diagnosis of SCLC.These results
are associated to the unique function of each marker in
previous reports.

Enolase molecules in mammalian tissues are dimers
composed of three immunologically distinct subunits (𝛼, 𝛽
and 𝛾). The 𝛾 subunit, which has been designated as neuron-
specific enolase (NSE), is highly concentrated in neurons,
neuroendocrine cells, and neurogenic tumors [11]. NSE can
be taken as a distinguishing marker between SCLC and
NSCLC given that SCLC is a neurosecretion tumor that
results in NSE expressing highly in SCLC patients [22, 23].
High serum levels of NSE in patients with suspicion of malig-
nancy suggest the presence of SCLC with high probability.
Previous studies have indicated that approximately 70% of
450 SCLC patients have elevated serum concentrations of
NSE while only 14% of 190 NSCLC patients show this [6].
Consistent with this conclusion, the concentration of NSE in
SCLC is higher than that in SCC and AC (𝑃 < 0.05) in our
study. Contrary to our results, no difference was observed
between LD and ED, high pretreatment values of NSE were
noted in 38–71% of SCLC patients with LD and in 83–98% of
those with ED and were summarized in Ferrigno’s review [6].

Compared to NSE, the CEA, CYFRA21-1, and SCCA
are more specific to NSCLC in our investigation. CEA is



BioMed Research International 5

Table 5: Cost-effectiveness analysis of different combinations of tumor markers at the current cost and with a 10% decrease in cost.

Group Cost (C)/¥ Effectiveness (E)/% 𝐶/𝐸 Δ𝐶/Δ𝐸

SCCA + NSE 177 (159.3) 56.82 3.12 (2.80) 0.00 (0.00)
SCCA + CEA 177 (159.3) 60.61 2.92 (2.63) 0.00 (0.00)
NSE + CEA 200 (180) 67.42 2.97 (2.67) 2.17 (1.95)
NSE + CYFRA21-1 200 (180) 64.39 3.11 (2.80) 3.04 (2.73)
CEA + CYFRA21-1 200 (180) 64.39 3.11 (2.80) 3.04 (2.73)
SCCA + NSE + CEA 277 (249.3) 70.45 3.93 (3.54) 7.34 (6.60)
SCCA + NSE + CYFRA21-1 277 (249.3) 65.15 4.25 (3.83) 12.00 (10.80)
SCCA + CEA + CYFRA21-1 277 (249.3) 70.45 3.93 (3.54) 7.34 (6.60)
NSE + CEA + CYFRA21-1 300 (270) 75.76 3.96 (3.56) 6.49 (5.84)
SCCA + NSE + CEA + CYFRA21-1 377 (339.3) 78.03 4.83 (4.35) 9.43 (8.49)
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Figure 1: Receiver operation characteristic curves (ROCs) for the
tumormarkers in serum for the discrimination between lung cancer
and healthy control. SCCA 0.578 ± 0.077 (95%CI 0.427∼0.728),NSE
0.928 ± 0.034 (95% CI 0.861∼0.994), CEA 0.957 ± 0.026 (95% CI
0.905∼1.008), and CYFRA21-1 0.964 ± 0.023 (95% CI 0.919∼1.01).

produced by the secretion cells of the normal adult gas-
trointestinal tract [24]. It is a marker for monitoring colon
and rectal cancers. Recently, CEA has become the marker
of choice for lung AC [25]. Meanwhile, several studies have
reported increased CEA values in advanced bronchogenic
cancers of various histological types [26, 27]. Generally, CEA
levels vary in accordance with obvious changes in disease
status, or they may precede their clinical recognition. Our
data show that CEA has elevated levels (𝑃 < 0.05) and
higher sensitivity (58.82%) in lung AC. Furthermore, it may
have a role in monitoring therapy in advanced stages. In the
present study, CEA is correlated with TNM stage and tumor
invasion. In stages III/IV, CEA is observed at higher levels

than in stages I/II.The same event occurs to the extensive lung
cancer. However, the SCCA, NSE, and CYFRA21-1 do not
show the correlationwith TNMstage and extent of disease. In
addition, the AUC for CEA in our study is higher than those
in the literature where they range from 0.69 to 0.79 [28–31],
whichmight be caused by samples in advanced stages or those
including distant metastases.

CYFRA 21-1 is a sensitive tumor marker for NSCLC,
particularly in squamous cell tumors. Because CYFRA 21-1
determines only fragments of cytokeratin 19, the test shows
a higher specificity than tissue polypeptide antigen (TPA),
which determines a mixture of cytokeratins 8, 18, and 19.
CK-19 is a protein component of the intermediate filament
protein in epithelial cells [32].When epithelial cells transform
into malignant cells, the keratin content is increased. Due to
necrosis of tumor cells, the soluble fragment CYFRA21-1 of
CK-19 is released into the blood. However, no organ tissue-
specific and tumor-specific epithelial cytokeratins exist;
therefore, it cannot be used as a tumor diagnosis indicator.
However, CYFRA21-1 in serum will increase when epithelial
cells transform into cancerous tumor cells, especially squa-
mous epithelial cells of the lung and bladder transitional cells
[32]. The results of this study indicate that the CYFRA21-
1 concentration in the lung cancer group was significantly
higher than that in the normal control and benign lung
disease groups (𝑃 < 0.01), and the concentration in the
benign lung disease group was significantly higher than that
in the normal control group (𝑃 < 0.01). Therefore, its
measurement may be helpful in the differential diagnosis of
suspicious lung masses, but it can also be used as a good
indicator for distinguishing between benign lung disease and
normal group. Moreover, Table 3 shows that the expression
of CYFRA21-1 in NSCLC was higher than that in SCLC.
CYFRA21-1 and SCCA in SCC were more sensitive than
those in AC and SCLC (𝑃 < 0.05) which is consistent with
other reports [33, 34]. In descending order of CYFRA21-1
sensitivity, each pathological types are SCC (71.43%) > AC
(29.41%)> SCLC (12.50%).Thismight be caused by theCK-19
expression in SCC and AC, while CK-18 is always expressed
in SCLC. Taken together, CYFRA21-1 has a high diagnostic
value in SCC.

SCCA is a purified subfraction of the tumor antigen. Ele-
vated SCCA serum levels were found in many types of SCC,
including the uterine cervix, bronchus, and nasopharynx
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[6, 10]. In 1988, Mino et al. [35] found higher SCCA serum
levels in patients with lung squamous carcinoma compared
to healthy subjects or those with benign pulmonary diseases.
Our data are in partial agreement with this result; a higher
level of SCCA is found in lung cancer, but it is only
significantly different from the healthy control group and
not different from the benign pulmonary group. Moreover,
given that SCCA yielded the lowest sensitivity (25.76%) and
the lowest Youden’s index (0.20) in addition to exhibiting
no significant difference from the control group by the ROC
curve, SCCA may not be a good marker for lung cancer
screening, but it might be useful as a marker for histological
subtyping. However, because of its significantly reduced
sensitivity, SCCA would preferably be used in combination
with CYFRA 21-1, which is also specific for SCC.

Although the combination of tumormarkers can improve
the sensitivity, the specificity will decrease with increasing
sensitivity,meanwhile, the cost will increase aswell. Presently,
some hospitals and clinics prefer to take the four mark-
ers together (SCCA+NSE+CEA+CYFRA21-1). In reality,
our results indicate that Youden’s index and specificity
of four marker panel are lower than three marker panel
(NSE+CEA+CYFRA21-1) for the diagnosis of lung cancer.
China is a developing country, and therefore, the optimal
cost should be considered. The best marker combination
panel is useful not only for promoting the efficiency of
diagnosis, but also for reducing the economic load for the
patient and health management department. Some reports
[36–38] indicate that an analysis of cost-effectiveness is an
appropriate evaluation of tumormarker combinations. In this
study, we perform an analysis of cost-effectiveness for the
tumormarker combinations.The results demonstrate that the
cost of SCCA+CEA is the lowest per 1% sensitivity. However,
many variables will affect the cost-effectiveness analysis. For
instance, cost, discount rate, and depreciation of fixed assets
may contribute to cost-effectiveness. If one of the variables
varies, the result may change. Therefore, Δ𝐶/Δ𝐸 (𝐶: cost,
𝐸: effectiveness) is applied to evaluate the result due to the
variables. With the advancement of laboratory medicine and
instruments, the cost will decrease.We decreased the expense
by 10%, and reassessed the tumor marker cost-effectiveness.
The results remained unchanged. Hence, compared to other
panels, the combination of SCCA and CEA is the best choice
to implement screening program in high-risk group.

5. Conclusions

Lung cancer is the most common and lethal malignant
neoplasm inmost of thewestern countries, and it is becoming
one of the major health problems in undeveloped countries.
The above data may explain several limitations in the clinical
use of serum tumor markers. Although the four markers
in our investigation are quick, objective, comparable, and
reproducible, none of the single serummarkers has sufficient
sensitivity for the screening and diagnosis of lung cancer.
Combination tumor markers could be a choice to improve
the clinical effectiveness in the diagnosis of lung cancer.
Furthermore, different combination panels have their own
usefulness. In our investigation, the optimal marker panel

with NSE, CEA, and CYFRA21-1 can assist to the diagnosis
of lung cancer, and SCCA+NSE+CEA can help in the
diagnosis of AC; SCCA+CEA+CYFRA21-1 can aid to the
diagnosis of SCC; and SCCA+NSE+CYFRA21-1 can assist
in the diagnosis of SCLC. In addition, from an economic
viewpoint, SCCA+CEA might be a cost-effective combina-
tion for screening program. However, a large cohort valida-
tion and other tumor markers would be valuable research
undertakings in the future.
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