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Abstract

Background: To explore the diagnostic value of combination of exfoliative cytology with detection of tumor mark-
ers carbohydrate antigen 125 (CA125), carcinoembryonic antigen (CEA), neuron specific enolase (NSE), cytoker-
atin 19 fragment antigen 21-1 (CYFRA21-1) and CA15-3 for lung cancer. Methods: A total of 256 patients were
enrolled, including 164 males and 92 females aged (64.51+22.68) years old. Among them, 189 patients (100 males
and 89 females) were randomly selected as Tumor group, and the remaining 67 patients were used for validation.
Another 514 healthy people receiving physical examination in our hospital during the same period were selected,
from which 397 cases (266 males and 131 females) were randomly selected as No Tumor group, and the remaining
117 cases were used for validation. The biochemical criteria were detected in all subjects. The diagnostic value
of each index for lung cancer was analyzed using receiver operating characteristic (ROC) curves. Results: The
results of ROC curve analysis revealed that in Tumor group, the area under curve (AUC) of exfoliative cytology,
CAI125, CYFRA21-1, CA15-3, CEA and NSE was >0.7, while that of CA72-4, CA19-9, TSGF, AFP, CA242, SCC-
Ag and CA50 was <0.7. The indices in each factor were comprehensively assessed, and then exfoliative cytology,
CAI125, CAI15-3, CYFRA21-1, CEA and NSE were screened to establish the lung cancer prediction model. The
diagnostic value was comparable between the prediction model and the combined detection of 9 indices (Z=1.682,
P=0.079). Conclusions: The lung cancer prediction model balances sensitivity and specificity without reducing the
diagnostic efficiency.
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Introduction statistics, more than 80% of patients are diag-

) ) nosed with mid-advanced lung cancer at the first
Lung cancer is a malignancy frequently occur- visit. Therefore, it is of important clinical signif-
ring in pulmonary alveoli and bronchi, whose icance to develop convenient and efficient crite-
mortality and fatality rates are extremely high ria for early diagnosis. Currently, tumor markers
due to indefinite early diagnosis. According to and sputum pathology are primarily used in early
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clinical diagnosis of lung cancer, in which detec-
tion of serum tumor markers is the least invasive
to patients (1). In clinical detection, however, it
has been found that the levels of serum tumor
markers are normal or slightly higher in some
patients with lung cancer, while they significant-
ly rise in pleural effusion. Therefore, it is more
sensitive to detect tumor markers in pleural ef-
fusion (2). Exfoliative cytology characterized by
high specificity and low sensitivity is often used
clinically to distinguish benign and malignant
pleural effusion (3). Carcinoembryonic antigen
(CEA) is present in endoderm-derived digestive
system cancer and normal digestive tract tissues,
and also present in a trace amount in normal hu-
man serum, which can be used as a diagnostic
marker for breast cancer, lung cancer, and col-
orectal cancer, but its specificity and sensitiv-
ity are not high (4). Carbohydrate antigen 125
(CA125), a glycoprotein that can be bound by
the monoclonal antibody OC125, is most com-
monly found in the serum of patients with epi-
thelial ovarian tumors, but does not exist in nor-
mal ovarian tissues, which has high diagnostic
sensitivity, but low specificity (5). Neuron-spe-
cific enolase (NSE) is an acid protease unique
to neuroendocrine cells and neurons, which is a
specific marker for neuroendocrine tumors such
as medullary thyroid carcinoma and small cell
carcinoma (6). Cytokeratin 19 fragment antigen
21-1 (CYFRA21-1) is a soluble fragment of cy-
tokeratin 19 (CYK-19) present in a large amount
in malignant lung cancer tissues, and serves as
a tumor marker mainly for lung cancer (7). Tu-
mor cells derived from solid lung cancer contin-
ue to proliferate, escape from tissues, and enter
the circulatory system through molecular tran-
scription, protein modification, and phenotype
changes, finally becoming circulating tumor
cells (CTCs) capable of invasion and metastasis.
CTC detection technology uses high-sensitivity
fluorescent quantitative gene amplification tech-
nology to amplify specific target genes after en-

riching leukocytes with immunomagnetic beads.
This technology has high sensitivity, but the cost
is high, therefore promoting its application in
clinical practice is difficult.

To explore convenient and efficient criteria for
early diagnosis, exfoliative cells and tumor
markers CEA, CA125, CYFRA21-1 and NSE
in the pleural effusion of patients with lung can-
cer were retrospectively analyzed in this study,
and the prediction model combining exfoliative
cells and tumor markers was established through
statistical methods, so as to provide a theoretical
basis for optimizing clinical detection.

Materials and Methods

Pathological data

This study has been approved by the ethics
committee of our hospital, and written informed
consent has been obtained from all enrolled
subjects. A total of 256 patients treated in our
hospital from June 2019 to May 2021 and di-
agnosed with primary lung cancer by cytolog-
ical or histopathological examination were en-
rolled, including 164 males and 92 females aged
(64.51£22.68) years old. Among them, 189 pa-
tients (100 males and 89 females) were random-
ly selected as Tumor group, and the remaining
67 patients were used for validation. Another
514 healthy people receiving physical exam-
ination and also pleural puncture in our hospital
during the same period were selected, including
318 males and 196 females aged (68.19+18.23)
years old, from which 397 cases (266 males and
131 females) were randomly selected as No Tu-
mor group, and the remaining 117 cases were
used for validation.

Recording and measurement of baseline data
The patients’ gender, age, body mass index
(BMI) and smoking index were recorded. 5 mL
of fasting venous blood was drawn in the morn-
ing. Then D-dimer (D-D) and fibrinogen (FIB)
were detected using a Cobas 8000 automat-
ic biochemical analyzer (ROCHE), and white



Revista Romdna de Medicina de Laborator Vol. 30, Nr. 4, Octombrie, 2022 391

blood cell count (WBC), neutrophil to lympho-
cyte ratio (NLR) and red blood cell distribution
width (RDW) were detected using a SX-5001
automatic hematology analyzer (Sysmex, Ja-

pan).

Exfoliative cytology examination

The pleural effusion (30-50 mL) was routinely
drawn. Then 10-20 mL of pleural effusion was
placed in a centrifuge tube and centrifuged, and
5 mL of supernatant was harvested and stored at
-20°C for tumor marker detection. Besides, the
upper cell layer of the precipitate was harvest-
ed and prepared into two sections via the mem-
brane ultra-thin cell smearing method. After
drying, they were subjected to Wright-Giemsa
staining and exfoliative cytology. The images
were read using an OlympusBX41 microscope
image analyzer.

Determination criteria of cytology
The determination criteria of Ruizhen et al. (8)
were used for cytology (Table 1).

Detection of tumor markers

The patients’ pleural effusion was drawn and
centrifuged, and the supernatant was harvested.
Then the tumor markers were detected using a
Modular E170 analyzer (ROCHE) in strict ac-
cordance with the instructions.

Statistical analysis

SPSS 20.0 software was used for statistical
analysis. Kolmogorov-Smirnov test of normal-
ity was conducted. Normally distributed data
were expressed as (j £ s), intergroup compar-
ison was performed using 7 test, and Pearson’s
correlation analysis was performed. Abnormally

distributed data were expressed as median (M)
[quartile (P25,P75)], intergroup comparison was
conducted using Mann-Whitney test, and Spear-
man’s correlation analysis was carried out. The
receiver operating characteristic (ROC) curves
were plotted using GraphPad Prism 5 software,
and the area under curve (AUC), sensitivity,
specificity, positive likelihood ratio (+LR), neg-
ative likelihood ratio (-LR), Youden index and
optimal cut-off value were calculated. AUC was
compared by Z test, and AUC<0.5, =0.5-0.7,
=0.7-0.9 and >0.9 indicated no diagnostic value,
low diagnostic value, moderate diagnostic value
and high diagnostic value, respectively. Potential
common factors were extracted using explorato-
ry factor analysis (EFA), and the indices within
the same factor were screened by comprehen-
sive assessment. Multiple indices were fitted
by logistic regression analysis, and principal
component analysis was performed to eliminate
multicollinearity. P<0.05 was considered to be
statistically significant.

Results

Baseline data

According to statistics, the general data such
as gender and age were not significantly differ-
ent between Tumor group and No Tumor group
(P>0.05), suggesting that the general data had no
important influencing factors for the subsequent
test results in both groups (Table 2).

Exfoliative cytology and expressions and dif-
ferences of tumor markers

It was found by exfoliative cytology that there
were 163 cases of adenocarcinoma, 11 cases of
squamous cell carcinoma and 15 cases of small

Table 1. Determination criteria for cytology

Description Criteria

Negative

No malignant tumor cells

Atypical epithelial cells

Dyskaryotic cells

Suspicious malignant tumor cells

A few dyskaryotic cells, less obvious atypia or degeneration
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Table 2. Baseline data [y = s, n(%)]

Tumor (n=189) No Tumor (n=397) t/y? P
Gender (male/female, n) 100/89 266/131 0.134 0.621
Age (Y) 64.51+22.68 68.19+18.23 0.247 0.483
BMI (kg/m?) 22.67+2.15 23.58+2.30 0.175 0.596
Smoking index [Y-n, M(P25,P75)] 529(236~854) 535(243~867) 0.541 0.228
WBC (10°/L) 9.41+1.67 12.36+3.27 0.801 0.173
NLR (%) 3.74+1.32 8.24+2.16 0.739 0.185
RDW (%) 13.83+1.45 15.27+1.68 0.194 0.442
FIB (g/L) 3.28+0.73 3.84+1.05 0.833 0.102
D-D (mg/L) 0.96+0.25 1.09+0.37 0.632 0.228

WBC: white blood cell count; NLR: neutrophil to lymphocyte ratio; RDW: red blood cell distribution width; FIB: fibrinogen;

D-D: D-dimer.

cell carcinoma in Tumor group, while all cases
were negative in No Tumor group (P<0.05).
The results of tumor marker detection revealed
that the levels of all tumor markers except SCC-
Ag and TSGF were significantly higher in Tumor
group than those in No Tumor group (P<0.05)
(Table 3).

ROC curve analysis results of cytology and
tumor markers

The results of ROC curve analysis found that
the diagnostic value of cytology, CA125, CY-

FRA21-1, CA15-3, CEA and NSE was moderate
and above (AUC>0.7), while CA72-4, CA19-9,
TSGF, AFP, CA242, SCC-Ag and CAS50 had
no high diagnostic value (0.5<AUC<0.7). NSE
had the highest Youden index and sensitivity,
and CEA had the highest specificity and strong
ability to judge the disease status (+LR=6.58).
AUC of cytology was the largest, and had signif-
icant differences from those of CA72-4, CA19-
9, CA50, TSGF, CA242, SCC-Ag and AFP
(P<0.01, P<0.05) (Table 4).

Table 3. Exfoliative cytology and expressions and differences of tumor markers [ £ s, n(%)]

Tumor(n=189) No Tumor (n=397) t/y2 P
Cytology 152(80.65) 0(0) 2.782 0.000
Adenocarcinoma 131(86.24) 0(0) 0.886 0.001
Squamous cell carcinoma 9(5.82) 0(0) 0.704 0.005
Small cell carcinoma 12(7.94) 0(0) 0.912 0.000
AFP (ng/mL) 2.72+0.58%* 2.19+0.43 1.083 0.002
CEA (ng/mL) 8.65+1.05* 3.28+0.75 0.479 0.000
CYFRA21-1 (ng/mL) 6.24+0.33* 2.75+0.64 1.392 0.000
CA72-4 (U/mL) 4.07+1.22* 1.65+1.06 0.451 0.027
CA242 (U/mL) 5.84+0.36* 3.62+0.55 0.365 0.030
CA15-3 (U/mL) 22.06+0.82* 9.41+0.72 1.022 0.005
CA125 (ng/mL) 83.47+0.71* 18.53+0.56 0.945 0.000
CA19-9 (U/mL) 20.78+0.46* 9.72+0.32 0.609 0.018
CA50 (U/mL) 11.63+0.55* 7.23+0.18 0.592 0.011
NSE (ng/mL) 16.72+0.62* 6.02+0.58 1.066 0.000
SCC-Ag (ng/mL) 1.58+1.22 1.54+0.96 0.519 0.36
TSGF (U/mL) 57.09+15.12 60.23+15.37 0.379 0.102

*P<0.05
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Table 4. ROC curve analysis results of cytology and tumor markers
Optimal  Sensitivi Specificity Youden

AUC 95%CI S o) ty Sp o) YO R LR
Cytology 0.853 0.809-0.894 82.7% 81.62 93.72 0.553 3.61 0.42
CA15-3 0.822 0.782-0.874 14.90 U/mL 66.82 78.63 0.465 3.22 0.38
NSE 0.794 0.723-0.845  9.96ng/mL 71.88 75.11 0.469 3.01 0.36
CA125 0.768 0.712-0.797 40.78ng/mL 66.53 72.38 0.415 2.63 0.42
CEA 0.752 0.724-0.768  7.06ng/mL 50.80 91.41 0.439 6.58 0.51
CYFRA21-1 0.723 0.701-0.765  4.55ng/mL 60.95 83.55 0.446 3.77 0.45
CAT2-4 0.698* 0.654-0.743  3.48U/mL 51.28 81.09 0.308 2.56 0.58
TSGF 0.663**  0.627-0.732 60.29U/mL 62.57 71.23 0.319 2.05 0.52
CA19-9 0.659**  0.608-0.694 18.45U/mL 52.68 72.66 0.274 2.01 0.60
CA242 0.637**  0.611-0.685  7.63U/mL 45.29 80.41 0.258 2.42 0.66
AFP 0.615**  0.578-0.647  2.53ng/mL 56.77 63.89 0.221 1.58 0.65
CA50 0.588**  (0.528-0.634 33.19U/mL 28.01 93.75 0.218 4.63 0.80
SCC 0.596**  0.547-0.639  1.19ng/mL 61.18 61.22 0.173 1.39 0.72

*P<0.05, **P<0.01 vs. cytology.

Common factors extracted

The levels of TSGF and SCC-Ag had no signif-
icant differences between Tumor group and No
Tumor group (P>0.05), so TSGF and SCC-Ag
were not incorporated into factor analysis to
improve the diagnostic accuracy. In addition,
tumor markers with an AUC>0.6 were selected.
After normalization, the primary data in both
groups were substituted into variables. The re-
sults of KMO and Bartlett’s test of sphericity in
both groups met the EFA conditions. Moreover,
the results of the rotated component matrix and
the rotated 3D load diagram showed that the 11
indexes in Tumor group were dimensionally re-
duced to 4 common factors, and then they were
sorted based on the variance contribution rate.
The 11 indexes in No Tumor group were dimen-

sionally reduced to 3 common factors, and then
they were sorted based on the variance contribu-
tion rate (Table 5).

In Tumor group, the load coefficient of cytology,
CA50, CA125 and CA19-9 was higher in com-
mon factor 1; the load coefficient of CA72-4 and
CYFRAZ21-1 was higher in common factor 2; the
load coefficient of CA242 and NSE was higher in
common factor 3; the load coefficient of CA15-3
and CEA was higher in common factor 4. AFP
was eliminated due to its low load coefficient in
common factors. The above 4 common factors
were used as diagnostic indexes for lung cancer,
and common factor 1 had the highest diagnos-
tic value and was used to distinguish negative
and positive results, while common factors 2/3/4
with moderate diagnostic value could assist in

Table 5. Rotated component matrix

Common Common Common Common
factor 1 factor 2 factor 3 factor 4
Tumor group Cytology, CA50, CA72-4, CA242, CA15-3,
CA125, CA19-9 CYFRA21-1 NSE CEA
No Tumor group AFP, CA72-4, CA125, CA19-9, CA242, NSE,
cytology, CEA CAS50, CA15-3 CYFRA21-1

Within the same common factor, each index had a higher load coefficient; the common factors were sorted based on the variance
contribution rate, and the higher the variance contribution rate, the higher the diagnostic value.
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the diagnosis and classification of lung cancer.
Besides, in No Tumor group, AFP, CA72-4,
CA125, cytology and CEA had a higher load co-
efficient in common factor 1; CA19-9, CA242,
CAS50 and CA15-3 had a higher load coefficient
in common factor 2; NSE and CYFRA21-1 had
a higher load coefficient in common factor 3.
The above three common factors could reflect
the correlation and distribution of tumor markers
in normal people.

Establishment of a combined model and deter-
mination of diagnostic value

It can be seen from relevant literature that cy-
tology and 10 tumor markers possess diagnostic
value for lung cancer. However, CA242, CA72-
4, CA50, CA19-9 and SCC-Ag are rarely report-
ed in literature (9,10). On the contrary, there are
many literature reports and sufficient evidence
regarding cytology, CA15-3, NSE, CA125, CEA
and CYFRA21-1, and NSE, CA125, CEA and
CYFRAZ2I-1 have been even listed in the guide-
lines of the European Group on Tumor Markers
(EGTM) (11) and the National Academy of Clin-
ical Biochemistry (NACB) (12). In this study,
the results of correlation analysis on the 4 tumor
markers in common factor 1 in Tumor group re-
vealed that there were significant positive pair-
wise correlations among cytology, CA50, CA125
and CA19-9 (P<0.05). Cytology and CA125 had
higher diagnostic efficacy, the former of which
had the best diagnostic efficacy, and the diagnos-
tic efficacy had no significant difference between
CA19-9 and CAS0 (P>0.05). Therefore, CA19-
9 and CAS50 were eliminated, and only cytolo-
gy and CA125 were retained. Then the indexes
in other factors were screened in the same way.

There was a positive correlation between CA72-
4 and CYFRA21-1 in common factor 2 (P<0.05),
and the difference in their diagnostic efficacy
was not significant (P>0.05). Therefore, only
CYFRAZ21-1 was retained. There was a positive
correlation between CA242 and NSE in common
factor 3, and NSE had higher diagnostic effica-
cy, so only NSE was retained. CA15-3 and CEA
were positively correlated in common factor
4 (P<0.05), and they both had higher diagnos-
tic efficacy. To sum up, the lung cancer predic-
tion model could be established using cytology,
CA125, CYFRA21-1,NSE, CA15-3 and CEA in
Tumor group (Table 6).

After the dependent variables were set, logistic
regression analysis was conducted, and Tumor
group was marked as 1, and No Tumor group
as 0. Univariate analysis was first conducted to
screen variables with P<0.1. It was found that ex-
cept AFP (P=0.314) and CA72-4 (P=0.257), the
remaining 9 indexes all met the conditions. Then
the 9 tumor markers were converted to covariates
to obtain the prediction probability expressed
as Pre-P9, whose AUC was 0.825. Besides, the
lung cancer prediction model was marked as 1,
the corresponding indexes in No Tumor group as
0, and their aggregate was marked as Tumor-No
Tumor. The AUC of the prediction probability
expressed as Pre-P6 was 0.816, without signifi-
cant difference from Pre-P9 (Z=1.682, P=0.079),
indicating that the diagnostic value of the two
was comparable.

Validation of combined model
The principal components of Tumor-No-Tu-
mor were extracted, and the results showed

Table 6. Correlation analysis results and AUC values of tumor markers

Spearman correlation coefficient AUC (P)
Cytology CAS0 CA19-9 Cytology CAS0 CA19-9
CA125 0.219* 0.263* 0.371* <0.01 <0.01 <0.05
Cytology 0.582* 0.609* <0.01 <0.01
CA50 0.613* >0.05

*P<0.05.
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that KMO=0.597, Bartlett’s test of sphericity
P<0.001, and the cumulative variance contribu-
tion rate of 78%. Univariate analysis was per-
formed by binary logistic regression to screen
variables with P<0.1. The principal components
that met the conditions were used to fit the lo-
gistic regression. The Tumor-No-Tumor statis-
tical results showed that -2LLL.=190.793, Cox &
Snell R=0.504, Nagelkerke R*=0.618 and H-L
test=0.287, and the equation was Logistic (Tu-
mor) = -4.016 + 0.025 x cytology + -0.005 x
CA125 +0.023 x CYFRA21-1 + 0.165 x NSE
+0.071 x CA15-3 + 0.014 x CEA. The logis-
tic (Tumor) equation was turned back into the
original variable equation, and the original data
were substituted to calculate the result. The
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ROC interaction point diagram was plotted us-
ing Medcalc v11 software, and it was found that
the optimal cut-off value was -0.9476 and the
doubtful value ranged from -1.305 to -0.743.
The data on tumor markers of the remaining
67 patients in Tumor group and 117 patients in
No Tumor group were substituted into the Tu-
mor-No-Tumor model. The total coincidence
rate, negative coincidence rate and positive
coincidence rate reached 84.2%, 85.7% and
79.5%, respectively.

The AUC, standard error, sensitivity, specifici-
ty, Youden index, +LR, -LR and optimal cut-off
value of the prediction model were 0.826, 0.018,
68.7%, 84.2%, 0.602, 4.28, 0.28 and -0.9617, re-
spectively.

Table 7. Lung cancer prediction model and strategy of combined tumor marker detection

Sensitivity Specificit Youden
avc P ty Sp o Yoar AR OUE
Lung cancer prediction model 0.843 71.6 84.2 4.40 0.36 0.539
CEA+NSE+CYFRA21-1 29 0.782 67.5 83.5 3.87 037 0.527
CEA+SCC-Ag+CYFRA21-1 U7 0.786 72.8 77.6 336 0.33 0.518
CEA+SCC-Ag+NSE+CYFRA21-1 22 0.805 74.3 78.4 3.41 0.32 0.521
CEA+NSE+CA125+SCC-Ag 0.796 73.8 75.8 329  0.33 0.497
CEA+CA125+SCC-Ag+CYFRA21-1+NSE ' 0.808 73.9 77.6 327  0.33 0.521

0.8

o
@
L

Sensitivity

00 T T T
00 02 04 06

1 - Specificity

08

Source of the Curve

——CYFRA21-1

NSE
CA125
—CA15-3
AFP
—CA72-4
TSGF
CA242
CAS0
—CA19-9
scC

Lung cancer prediction

model

Fig. 1. Diagnostic values of prediction model and single indices (CA125, CYFRA21-1, CA15-3, CEA, NSE,
CA72-4, CA19-9, TSGF, AFP, CA242, SCC, CA50) for lung cancer assessed by ROC curves.
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Lung cancer prediction model and strategy of

combined tumor marker detection

Compared with the strategy of combined detec-
tion, both AUC and Youden index of the lung
cancer prediction model were the optimal, and
its true positive detection rate, sensitivity and
specificity were also greatly improved (Table
7). The ROC curve analysis showed that the di-
agnostic value of prediction model was superior
to those of single indices (CA125, CYFRA21-1,
CA15-3, CEA, NSE, CA72-4, CA19-9, TSGF,
AFP, CA242, SCC, CA50) (Figure 1).

Discussion

Lung cancer frequently occurs in pulmonary al-
veoli and bronchi, whose mortality and fatality
rates are extremely high. The prognosis of lung
cancer treated with early surgical resection is
good. Therefore, early detection of lung cancer
and effective control of its malignant progres-
sion are of great clinical significance. Malignant
pleural effusion is one of the early manifesta-
tions of lung cancer, and exfoliative cytology
is primarily used in clinic to distinguish benign
and malignant pleural effusion. Exfoliative cy-
tology is a minimally-invasive and fast examina-
tion method characterized by simple operation,
low costs and high reproducibility, but it has low
sensitivity. For that reason, the detection amount
of pleural effusion was increased in this study,
the cell layer between the red blood cells and the
supernatant was aspirated for uniform smearing,
and the precision was enhanced in each link,
thereby improving the detection sensitivity for
malignant pleural effusion up to 80.65%, consis-
tent with that (82.7%) reported by Yu et a/(8). In
addition, it was found that adenocarcinoma cells
were dominant in pleural effusion, accounting
for 86.24%, consistent with literature reports in
China and foreign countries (13). Adenocarci-
noma cells mostly from lung cancer invade the
pleura, leading to pleural metastasis and ulti-

mately producing pleural effusion, which may
be responsible for the sensitivity of exfoliative
cytology towards lung cancer. Thus, other mark-
ers should be combined.

Tumor markers are metabolites such as antigens,
enzymes or hormones produced and released by
tumor cells into tissues or body fluids, whose
content is high in tumor tissues but extremely
low in normal human body. In this study, it was
also found that the levels of all tumor markers
except SCC-Ag and TSGF were significantly
higher in pleural effusion of patients with lung
cancer than those in healthy people, consistent
with the results of a large number of studies
(14). Tumor markers are playing increasingly
prominent roles in early diagnosis and prognos-
tic monitoring of tumors, which have gradual-
ly become important clinical reference indexes.
According to many studies, the content of tumor
markers in pleural effusion is far higher than that
in serum (15).

In China, most of the research on tumor markers
in the diagnosis of lung cancer focuses on the
diagnostic value of the combined detection of
tumor markers, but how to obtain the combina-
tion of tumor markers has not been clarified. In
this study, the lung cancer prediction model was
established through an exploratory study, which
contained three specific tumor markers for lung
cancer (NSE, CYFRA21-1 and CEA) and two
non-specific tumor markers (CA125 and CA15-
3), as well as exfoliative cytology. Both NSE
and CYFRA21-1 have important diagnostic
value for non-small cell lung cancer (NSCLC),
and CYFRA21-1 with sensitivity of 24-69% and
specificity of 88% is the most sensitive tumor
marker for NSCLC (16). CEA is a good mark-
er for lung cancer, colorectal cancer and breast
cancer (17). In this study, NSE, CYFRA21-1
and CEA were all contained in common factors
2/3/4, while exfoliated cytology was contained
in common factor 1. The combination of detec-
tion of specific tumor markers for lung cancer
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and cytology can make up for the deficiency of
a single tumor marker in diagnostic efficacy. Be-
sides, CA125 and CA15-3 are specific markers
for ovarian cancer and pancreatic cancer, respec-
tively, rather than lung cancer. However, it has
been found that the immune molecule OC125
recognizing lung adenocarcinoma cells is the
same as CA125 (18), and CA15-3 is also found
in lung adenocarcinoma cells (19) Another
study revealed that the metastasis of cancer cells
in NSCLS patients can be monitored by detect-
ing CA125 and CA15-3 (18). To sum up, CA125
and CA15-3 combined with NSE, CYFRA21-1,
CEA and cytology have certain significance in
auxiliary diagnosis for patients highly suspected
of lung cancer.

Studies have found that the optimal combina-
tion of 3 tumor markers for early diagnosis of
lung cancer is NSE+CYFRA21-1+CEA (20),
and NSE+CYFRA21-1+CEA+CA125 is the
optimal combination of 4 tumor markers (21).
The results may be attributed to regional differ-
ences that give different optimal indices for di-
agnosis and prediction. To further illustrate the
rationality of the lung cancer prediction model
established in this study, logistic regression anal-
ysis was conducted for validation of combined
detection of exfoliative cells and tumor markers
in pleural effusion in lung cancer patients and
healthy people. The results showed that com-
pared with the combined detection, both AUC
and Youden index of the lung cancer prediction
model were the optimal, and its true positive de-
tection rate, sensitivity and specificity were also
greatly improved.

In summary, the diagnostic indexes for lung
cancer were optimized and combined through
clinical practice combined with statistical analy-
sis, and 6 indexes were selected out of 11 tumor
markers and cytology commonly used in the de-
tection of pleural effusion to establish the com-
bined model. The lung cancer prediction model
balances sensitivity and specificity without re-

ducing the diagnostic efficacy, and also eases the
economic burden of patients. Nevertheless, the
model should be further validated by combining
the results of pathological examination.
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