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Abstract
Background: Lung cancer is one of the most common malignancies, and there is a 
trend of increasing incidence in young patients. The preoperative diagnosis of pulmo-
nary nodules is mainly based on the combination of imaging and tumor markers. There 
is no relevant report on the diagnostic value of tumor markers in young pulmonary 
nodules. Our study was designed to explore the value of five tumor markers in young 
patients with pulmonary nodules.
Methods: We reviewed the medical records of 390 young patients (age ≤45 years) with 
pulmonary nodules treated at two separate centers from January 1, 2015, to January 
1, 2021. Malignant pulmonary nodules were confirmed in 318 patients, and the other 
72 patients were diagnosed with benign pulmonary nodules. The gold standard for di-
agnosis of pulmonary nodules was surgical biopsy. The conventional serum biomark-
ers included cytokeratin 19 (CYFRA21-1), pro-gastrin-releasing-peptide (ProGRP), 
carcinoembryonic antigen (CEA), neuron-specific enolase (NSE), and squamous cell 
carcinoma-associated antigen (SCCA). The diagnostic values of five tumor markers 
were analyzed by receiver operating characteristic (ROC) curves.
Results: There were no significant differences in the expression of five tumor markers 
between the groups (p > 0.05). Single tumor marker (CYFRA21-1, ProGRP, CEA, NSE, 
and SCCA) showed a limited value in the diagnosis of malignant pulmonary nodules, 
with the AUC of 0.506, 0.503 0.532, 0.548, and 0.562, respectively. The AUC of the 
combined examination was only 0.502~0.596, which did not improve the diagnostic 
value.
Conclusions: Five conventional tumor markers had a limited diagnostic value in young 
patients with pulmonary nodules.
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1  |  INTRODUC TION

Study1 had shown that there were about 228,150 new cases in 2019 
and about 142,670 deaths in 2019, accounting for approximately 25 
percent of all cancer deaths in the United States. Lung cancer was 
still the leading cause of death from cancer. In addition, there was a 
trend of increasing incidence in young patients.2,3 Another study4 
had reported that the pathological characteristics and prognosis 
of young patients with lung cancer were different from the elderly, 
suggesting that young patients with lung cancer should be regarded 
as a special subtype of lung cancer. Many studies defined young 
lung cancer as an age inferior than 45 years.2,5–8 Research from the 
American National Cancer Data Base8 showed that young patients 
can achieve better survival benefits than the elderly at lower stages. 
Therefore, early diagnosis of young lung cancer was crucial. A trial 
demonstrated that a person's cumulative probability of 1 or more 
false-positive low-dose CT examinations was 21%.9 To improve the 
diagnostic accuracy and avoid unnecessary invasive procedures, it 
was necessary to combine tumor markers with imaging. The con-
ventional serum biomarkers for lung cancer included cytokeratin 19 
(CYFRA21-1), pro-gastrin-releasing-peptide (ProGRP), carcinoem-
bryonic antigen (CEA) neuron-specific enolase (NSE), and squamous 
cell carcinoma-associated antigen (SCCA).10,11 Study12 indicated that 
for solitary pulmonary lesions, using the tumor markers alone, the 
highest sensitivity (27.2%) and accuracy (40.4%) were found with 
CEA, the highest specificity (100%) with CYFRA 21-1, and with 
NSE. Rafael Molina13 reported that the sensitivities of CYFRA21-1, 
ProGRP, CEA, NSE, and SCCA for the diagnosis of lung cancer were 
56.1%, 17.1%, 56.5%, 19.1%, and 20.7%, respectively, while the spec-
ificities were 96.1%, 95.2%, 93.5%, 99.5%, and 97.8%, respectively. 
His study also indicated that the specificity of CYFRA21-1, ProGRP, 
CEA, NSE, and SCCA for the diagnosis of lung cancer could be over 
90%, even if nodule size was less than 30 mm. However, many stud-
ies about tumor markers in pulmonary nodules did not distinguish 
the young patients from the old. There was no relevant report on the 
diagnostic value of conventional tumor markers in young patients 
with pulmonary nodules.

Therefore, this retrospective study was designed to explore the 
value of conventional tumor markers in young patients with pulmo-
nary nodules.

2  |  PATIENTS AND METHODS

In this double-center retrospective study, we reviewed the medi-
cal records of young patients hospitalized for pulmonary nodules 
at two separate centers (Fujian Medical University Union Hospital 
and Fujian Provincial Hospital) from January 1, 2015, to January 1, 
2021. Malignant pulmonary nodules were pathologically defined as 
primary lung cancer including adenocarcinoma, carcinoma in situ, 
squamous cell carcinoma, and carcinoid. Benign pulmonary nodules 
included pneumonic benign nodules, pulmonary cryptococcus, tu-
berculosis, and pulmonary hamartoma. Inclusion criteria: (1) Patients 

were defined as age younger than 45 years, and pulmonary nodule's 
diameter less than 30 mm, including solitary and multiple pulmonary 
nodules; (2) there were definite pathological reports of pulmonary 
nodules; (3) complete case's data. Exclusion criteria: Pulmonary nod-
ules were pathologically diagnosed as lung metastases from other 
tumors. Finally, a total of 390 patients were identified as eligible for 
enrollment in the study. We divided them into malignant and benign 
pulmonary nodules groups according to pathology. The malignant 
pulmonary nodules group was confirmed in 318 patients, and the 
other 72 patients were diagnosed with benign pulmonary nodules.

The medical records of these patients were documented and 
reviewed, including demographic information, diagnosis, laboratory 
testing results, and histopathology findings. Serum samples of tumor 
markers (CYFRA21-1, ProGRP, CEA, NSE, and SCCA) were collected 
within three days before surgery and sent to the clinical laboratory 
at the center for testing within 120 min.

3  |  STATISTIC AL ANALYSIS

Normally distributed data were expressed as mean ± standard deri-
vation; otherwise, they were expressed as medians. Differences of 
normally distributed data between groups were analyzed by the 
independent Student's t test, and non-normally distributed data 
between groups were compared using the Mann-Whitney U test. 
Enumeration data were expressed as n (%) and were compared 
using the Chi-square test. ROC curves were constructed for as-
sessing diagnostic potentials, with sensitivity (%) as the Y-axis and 
100-specificity (%) as the X-axis. The area under curve (AUC), sen-
sitivity [sensitivity  =  true-positive rate/(true-positive rate +  false-
negative rate) × 100%], and specificity [specificity =  true-negative 
rate/(true-negative rate +  false-positive rate) × 100%] were calcu-
lated. SPSS25.0 and MedCalc_v12.3 were used for statistical analy-
ses. p < 0.05 was considered statistically significant.

4  |  RESULTS

The characteristics of the enrolled patients were shown in Table 1. 
The malignant and benign pulmonary nodules group did not differ 
significantly in terms of age, gender, smoke, personal or family can-
cer history, or nodule size (p > 0.05).

Our study found that the expression of five tumor markers 
(CYFRA21-1, ProGRP, CEA, NSE, and SCCA) did not differ sig-
nificantly in the malignant and benign pulmonary nodules group 
(p > 0.05; Table 2).

As reported by some studies,13 the nodule size may affect the 
expression of tumor markers. Therefore, according to the nodule 
size, we did a subgroup analysis and found that the expression of 
tumor markers was still not significantly different in the two groups 
(p > 0.05; Table 3).

Further analysis of tumor markers showed that the diagnostic 
value was very limited in young patients with pulmonary nodules. 
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The area under the ROC curve of five conventional tumor markers 
was less than 0.600 (the AUC of CYFRA21-1, ProGRP, CEA, NSE, 
and SCCA was 0.506, 0.503 0.532, 0.548, and 0.562, respectively), 
which could not provide a good diagnostic value (Table 4, Figure 1).

In addition, we conducted a combined analysis of the five tumor 
markers respectively. The area under the ROC curve of the com-
bined tumor markers’ assessment was 0.502~0.596, and its max-
imum value could not exceed 0.600. The highest AUC was found 
when the four tumor markers were combined (ProGRP, CEA, NSE, 
and SCCA), but the sensitivity, specificity, negative predictive value 
(NPV), and positive predictive value (PPV) for lung cancer were 
36.16%, 81.94%, 89.80%, and 22.50%, respectively (Table 5).

5  |  DISCUSSION

We found, among young patients, female patient accounted for up 
to 72.33%, and adenocarcinoma was the most common pathological 
type (95.91%). In addition, smoking was only accounted for 11.95%, 
while tumor history (including personal and family) was 15.09%, 
which was consistent with the previous reports.8,14–17 Young age at 

TA B L E  1 The characteristics of the enrolled patients

Malignant 
(n = 318)

Benign 
(n = 72)

p 
value

Ageb  39.21(6.70) 38.49(5.32) 0.392

Sexa  — — 0.155

Male 88 (27.67%) 26 (36.11%) —

Female 230 (72.33%) 46 (63.89%) —

Personal cancer historya  23 (7.23%) 2 (2.78%) 0.260

Family cancer historya  27 (8.49%) 8 (11.11%) 0.482

Smokea  38 (11.95%) 12 (16.67%) 0.280

Nodule sizea  — — 0.235

≤10 mm 166 (52.20%) 32 (44.44%) —

11−30 mm 152 (47.80%) 40 (55.56%) —

aData were expressed as the number of cases (percentage).
bData were expressed as mean ± standard derivation.

TA B L E  2 Tumor markers values in the two groups

Malignant 
(n = 318) Benign (n = 72)

p 
value

CYFRA21-1 
(ng/ml)a 

2.19 (1.68–2.84) 2.38 (1.67–2.88) 0.875

ProGRP (Pg/
ml)a 

38.19 
(32.18–47.71)

38.92 
(30.88–47.28)

0.940

CEA (ng/ml)a  1.40 (0.90–2.10) 1.40 (0.81–1.98) 0.399

NSE (ng/ml)a  11.75 
(10.26–13.59)

11.45 
(10.16–12.49)

0.201

SCCA (ng/ml)a  0.90 (0.60–1.10) 0.80 (0.50–1.05) 0.097

aData were expressed as medians (quartile).

TA
B

LE
 3
 
Tu
m
or
 m
ar
ke
r v
al
ue
s 
st
ra
tif
ie
d 
by
 n
od
ul
e 
si
ze

N
od

ul
e 

Si
ze

 ≤
10

 m
m

N
od

ul
e 

Si
ze

 1
1–

30
 m

m

M
al

ig
na

nt
 (n

 =
 1

66
)

Be
ni

gn
 (n

 =
 3

2)
p 

va
lu

e
M

al
ig

na
nt

 (n
 =

 1
52

)
Be

ni
gn

 (n
 =

 4
0)

p 
va

lu
e

C
YF
R
A
21
-1
 (n
g/
m
l)a  

2.
16
 (1
.6
2–
2.
84
)

2.
55
 (1
.6
7–
3.
17
)

0.
31

5
2.
21
 (1
.7
7–
2.
83
)

2.
20
 (1
.6
6–
2.
53
)

0.
21
7

Pr
oG
RP
 (P
g/
m
l)a  

38
.2
5 
(3
2.
40
–4
6.
90
)

40
.6
3 
(3
1.
22
–4
8.
30
)

0.
42
3

38
.1
2 
(3
2.
11
–5
0.
07
)

37
.8
0 
(3
0.
88
–4
6.
41
)

0.
56
8

C
EA
 (n
g/
m
l)a  

1.
35
 (0
.9
0–
1.
97
)

1.
41
 (1
.0
3–
1.
96
)

0.
46
7

1.
51
 (0
.9
6–
2.
30
)

1.
30
 (0
.7
0–
1.
99
)

0.
06

9

N
SE
 (n
g/
m
l)a  

11
.7
1 
(1
0.
25
–1
3.
77
)

11
.6
0 
(1
0.
00
–1
2.
99
)

0.
52

2
11
.9
5 
(1
0.
25
–1
3.
52
)

11
.3
7 
(1
0.
33
–1
2.
43
)

0.
25

1

SC
C
A
 (n
g/
m
l)a  

0.
90
 (0
.7
0–
1.
10
)

0.
85
 (0
.5
0–
1.
10
)

0.
20

5
0.
80
 (0
.6
0–
1.
10
)

0.
80
 (0
.5
3–
1.
00
)

0.
32

9

a D
at
a 
w
er
e 
ex
pr
es
se
d 
as
 m
ed
ia
ns
 (q
ua
rt
ile
).



4 of 6  |     XU et al.

onset and lack of established environmental risk factors suggested 
genetic predisposition.18

Conventional tumor markers for lung cancer included CYFRA21-1, 
ProGRP, CEA, NSE, and SCCA, which served as important auxiliary 
indicators for the diagnosis of pulmonary nodules. Many studies 
showed a statistical difference in tumor markers between benign 
and malignant pulmonary nodules.13,19,20 However, most of the exist-
ing studies on pulmonary nodules did not distinguish young patients 
from old, and the diagnostic significance of tumor markers was not 
clear in young pulmonary nodules. There was a trend of increasing 
incidence in young patients, and it was necessary to identify the di-
agnostic value of tumor markers in young patients. Our study found 
the expression of the five tumor markers (CYFRA21-1, ProGRP, CEA, 
NSE, and SCCA) did not differ significantly in young patients with 
pulmonary nodules (p > 0.05). The tumor markers showed limited 
diagnostic value with the AUC of CYFRA21-1, ProGRP, CEA, NSE, 

and SCCA was 0.506, 0.503 0.532, 0.548, and 0.562, respectively. A 
previous study has reported that chronic kidney disease may cause 
an increase in ProGRP.21 In addition, CYFRA 21-1, CEA, and NSE 
also were reported to be possibly increased in non-neoplastic con-
ditions.10 In summary, for young patients with pulmonary nodules, 
negative tumor markers should not be relaxed, while with elevated 
tumor markers, a comprehensive judgment should be made based on 
clinical, imaging, and other indicators to exclude benign lesions and 
avoid unnecessary surgery.

A study showed when nodule size was less than 10 mm, only 
CEA showed significant differences, meanwhile; nodule size was 
10–30 mm; the five tumor markers were higher in malignant groups 
than benign groups.13 Therefore, the author inferred that nod-
ule size might affect the expression of tumor markers. However, 
by subgroup analysis, we found that the difference in nodule size 
did not lead to the differential results. When nodules size was less 
than 30 mm, CYFRA21-1, ProGRP, CEA, NSE, and SCCA showed 
no significant differences in young patients with different natures 
of pulmonary nodules (p > 0.05). The results may be related to the 
patient's young age, fewer underlying diseases, and short smoking 
history, etc., which is not clear at present and needs further study.

According to the previous research,11,13,22,23 the five tumor 
markers for lung cancer had high specificity and low sensitivity in 
the diagnosis, and a combination of tumor markers can improve the 
diagnostic value. Through the combination of the tumor markers, 
we found that their diagnostic value was limited in young patients, 
and the combination could not improve the diagnostic value (the 
combined AUC was 0.502–0.596). The results may be due to the 
limited diagnostic value of single tumor markers. Our study indi-
cated that the five tumor markers were not helpful for the young 
pulmonary nodules in clinical diagnosis. Therefore, other molecu-
lar biomarkers should be explored to improve the diagnostic accu-
racy for young patients, such as DNA methylation,24,25 miRNA,26 
circulating tumor cells,27 and tumor-associated antigens and 
autoantibody.28

Previous studies did not identify young lung cancer as a spe-
cific subtype. The difference in the diagnostic value of tumor 
markers may be related to the different proportion of young 
patients. It was necessary to carry out tumor marker studies in 

TA B L E  4 Individual TM ROC results for lung cancer

CYFRA21-1 ProGRP CEA NSE SCCA

The threshold 2.35 35.49 0.75 12.56 0.5

Sensitivity (%) 44.65 (39.10–50.30) 40.25 (34.80–45.90) 88.36 (84.30–91.70) 39.94 (34.50–45.60) 87.74 (83.60–91.10)

Specificity (%) 47.22 (35.30–59.30) 66.67 (54.60–77.30) 22.22 (13.30–33.60) 79.17 (68.00–87.80) 26.39 (16.70–38.10)

PPV (%) 78.90 (74.40–82.80) 84.20 (78.90–88.40) 83.40 (81.50–85.10) 89.40 (84.10–93.10) 84.00 (82.00–85.90)

NPV (%) 16.20 (12.90–20.10) 20.20 (17.30–23.30) 30.20 (20.30–42.30) 23.00 (20.50–25.70) 32.80 (23.10–44.20)

Positive likelihood ratio 0.85 (0.70–1.10) 1.21 (0.80–1.70) 1.14 (1.00–1.30) 1.92 (1.20–3.10) 1.19 (1.00–1.40)

Negative likelihood ratio 1.17 (0.90–1.50) 0.90 (0.70–1.10) 0.52 (0.30–0.90) 0.76 (0.70–0.90) 0.46 (0.30–0.80)

Youden index 0.081 0.069 0.106 0.191 0.141

AUC 0.506 (0.455–0.557) 0.503 (0.452–0.554) 0.532 (0.481–0.582) 0.548 (0.497–0.598) 0.562 (0.512–0.612)

F I G U R E  1 ROC curves for the diagnosis of young patients with 
pulmonary nodules
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elderly patients with pulmonary nodules to assess the diagnostic 
value of tumor markers.

The limitations of the present study were the unavoidable selec-
tion bias and the limited tumor markers. Further investigation into 
the diagnostic value of biomarkers in young pulmonary nodules was 
required.

6  |  CONCLUSION

Conventional tumor markers (CYFRA21-1, ProGRP, CEA, NSE, and 
SCCA) showed limited value to differentiate the nature of young pul-
monary nodules.
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