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New insights into the diagnostic characteristics and clinical application of 
serum biomarkers for lung cancer, and human epididymis protein 4 as a new 
biomarker? 
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The value of serum tumor biomarkers used for lung cancer diagnosis is still controversial in clinical practice. This study 
aimed to further dissect and evaluate the clinical value of serum progastrin-releasing peptide (ProGRP), neuron-specific 
enolase (NSE), squamous cell carcinoma antigen (SCC-Ag), carcinoembryonic antigen (CEA), cytokeratin-19 fragment 
(CYFRA21-1) together with a potential new biomarker, the human epididymis protein 4 (HE4) for lung cancer diagnosis, in 
a large cohort of a Chinese population. Ostensibly healthy individuals, as well as those with benign non-cancerous diseases, 
benign tumors, lung cancers, and other types of malignancies, were enrolled in the study. Serum ProGRP, NSE, SCC-Ag, 
CEA, CYFRA21-1, and HE4 were analyzed using the chemiluminescence immunoassay. Data were analyzed utilizing the 
SPSS and GraphPad Prism software. Detailed dissection of the diagnostic characteristics of serum 6 biomarkers on lung 
cancer was performed. All 6 biomarkers showed capabilities in characterizing lung cancer from other diseases. ProGRP 
and NSE were highly specific to small cell lung cancer (SCLC); SCC-Ag was a fair biomarker for NSCLC, specifically 
SCC histotype; CEA showed specificity to SCLC, followed by NSCLC; CYFRA21-1 was a good biomarker for both SCLC 
and NSCLC; HE4 showed high specificity to SCLC. For NSCLC characterization, CYFRA21-1+HE4+CEA was the best 
combinatory pattern in the terms of diagnostic performance (AUC=0.8110). The best combinatory analysis for SCLC was 
ProGRP+NSE+HE4 (AUC=0.9282). Patients with advanced stage, larger tumor, males, and age 50 or older had higher 
serum biomarkers levels than those with early stage, smaller tumor, females, and age under 50. Six biomarkers had capabili-
ties in characterizing lung cancer with high or fair diagnostic performance. HE4 is a potential biomarker for both SCLC and 
NSCLC diagnosis, which merits further investigation.
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Lung cancer is the most common malignancy worldwide 
[1]. Despite continuous study and progress made in both 
diagnoses and treatments, the 5-year survival rates remain 
low. Currently, low-dose computed tomography (LDCT) is 
a common and accessible tool for lung cancer diagnosis in 

clinics. However, the shortness of LDCT is that it has a high 
false-positive rate, limiting its efficacy in helping to charac-
terize cancer from benign nodules [2]. There is therefore a 
need to pursue more efforts on a minimally invasive, conve-
nient, and easy to access method − the serum biomarker to 
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help the screening, diagnoses, therapeutic monitoring, and 
prognostication of lung cancer [3–5]. Numerous reports have 
indicated that some serum biomarkers had a fair diagnostic 
or prognostic performance for lung cancer. In addition, 
the elevation of these biomarkers could serve as a sign of 
distant metastasis [6,7]. Nevertheless, reports concerning the 
diagnostic performance of serum biomarkers on lung cancer 
were still inconsistent and debatable, thus the biomarkers are 
underutilized in clinical practice in general. Furthermore, the 
elevation of some of the biomarkers was found not only in 
lung cancer but also, they were detected abnormally in other 
diseases or conditions, making the specificity of the proposed 
biomarkers more concerned [8–12]. It is unclear whether 
gender and age have an impact on serum levels of lung 
cancer biomarkers, thereby interfering with the judgment in 
clinics. There is still a debate on their ability to characterize 
histological types of the tumor, therefore, it is still unclear 
what biomarkers are specific to what histological type of lung 
cancer. The combinatory detection of biomarkers and what 
represents the best combinatory pattern to be used in clinical 
practice, balancing diagnostic power and cost, is also an issue 
[13]. Furthermore, the sensitivity of biomarkers used in lung 
cancer screening is generally low. In one study, only 8 out 
of 47 patients with malignant solitary pulmonary nodules 
had elevated CEA levels that belonged to lung adenocarci-
noma [13]. Thus, evaluations of new potential biomarkers 
for lung cancer are needed for a better diagnosis, therapeutic 
monitoring, and prognostication of lung cancer. Human 
epididymis protein 4 (HE4) is considered an ovarian cancer 
biomarker used in clinics [14]. However, there are some 
hints indicating an elevation of HE4 in the serum of lung 
cancer patients. Therefore, it might be a new biomarker for 
this malignancy and requires further investigation [15–18]. 
Here, we further dissect and evaluate the diagnostic perfor-
mance of a 6-biomarkers panel of lung cancer, specifically, 
progastrin-releasing peptide (ProGRP), neuron-specific 
enolase (NSE), squamous cell carcinoma antigen (SCC-Ag), 
carcinoembryonic antigen (CEA), cytokeratin 19 fragment 
(CYFRA21-1), and human epididymis protein 4 (HE4) from 
a geographically-based multi-center study in China.

Patients and methods

Study design and ethical approval. This study enrolled 
lung cancer patients, apparently healthy subjects, patients 
with pulmonary infections, benign tumors, other benign 
non-malignant diseases, and other malignancies. All patients 
enrolled in this study were in pre-treatment. The study was 
carried out under the approval of the Institutional Review 
Board (IRB)/Ethics Committee of all participating hospi-
tals. Patients were provided written informed consent on the 
purpose of the study.

Study site selection. Nine large Tier-3 Class A hospitals 
in China were selected, representing North (Zhengzhou), 
Northwest (Xi’an), Southwest (Chengdu), Central (Wuhan), 

Central South (Changsha), and East China (Jinan, Hefei, 
Nanjing, and Suzhou) for geographical representation and 
patient distribution.

Diagnosis of diseases and pathology diagnosis of 
tumors. The guidelines for clinical diagnosis and treatment 
of lung cancer (Chinese Medical Association, 2019 edition) 
were followed for lung cancer diagnosis. For the healthy 
subject enrollment, the criteria from CLSI EP28-A3C were 
followed which was also applied for the establishment of a 
reference interval [19]. For pathology histological analysis, 
lung tissue specimens were resected surgically, by fiber-
optic bronchoscopy or CT-guided puncture. Tissues were 
fixed with 10% formalin buffer and embedded in paraffin. 
Sections were stained with hematoxylin and eosin (H&E). 
The diagnosis was made by a pathologist following routine 
pathological procedures.

The associated diagnostic guidelines were followed for 
the diagnosis of other non-lung cancer patients including 
pulmonary infections, benign tumors, other benign 
non-tumor diseases, and other malignancies in the routine 
clinical practice. Detailed patients’ demographics are listed 
in Table 1 and Suppl. Table S1.

Sample collection and storage. For ostensibly healthy 
subjects, fasting blood was collected from all individuals 
visiting the health examination center of a participating 
hospital who met the requirements of the study questionnaire 
following CLSI guidelines [19]. For lung cancer patients, 
fasting blood was collected the following day of admission as 
baseline level testing. A serum collecting tube, routinely used 
in each participating hospital, was used to collect the blood, 
and the samples were transported to the clinical laboratory 
for processing by a qualified technician to isolate the serum. 
The collected serum was then stored at –80 °C for a period of 
1–3 months until required.

Chemiluminescent immunoassay of tumor biomarkers. 
ProGRP (Lot No. 20180101), NSE (Lot No. 20190208), 
SCC-Ag (Lot No. 20180801), CEA (Lot No. 20190208), 
CYFRA21-1 (Lot No. 20190209), and HE4 (Lot No. 20190801) 
were analyzed on a Mindray CL-2000i or CL-6000i Chemi-
luminescent immunoassay platform (Mindray Bio-Medical 
Electronics Corporation, Shenzhen, Guangdong, China) 
following the manufacturer’s instructions. Results were 
deposited in the Laboratory Information System to be further 
analyzed.

Statistical analyses. According to the CLSI C28-A3 guide-
lines and the principle of statistics [19], the distribution of 
the serum levels of 6 individual lung cancer biomarkers from 
9 participating hospitals was analyzed by the normality test 
prior to further analysis. Specifically, statistical analysis of data 
was performed using the SPSS version 26.0 and GraphPad 
Prism version 9.0 software. The One-sample Kolmogorov-
Smirnov test was used for the data normality test. The Mann-
Whitney U-test and the Kruskal-Wallis test were used for 
data comparison. Graphic production was performed by 
utilizing GraphPad Prism. The Receiver Operator Charac-
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teristic (ROC) curves and associated parameters were calcu-
lated by GraphPad Prism. A p-value <0.05 was considered 
significant difference. Statistical analysis was performed and 
verified by two statisticians and agreed on the final results.

Results

Demographics and diagnoses of patients. In this study, 
1,571 lung cancer patients (1,056 males and 515 females, 
aged 21–90), 2,259 ostensibly healthy individuals (990 males 
and 1,269 females, aged 13–87), 388 pulmonary infections 
(228 males and 160 females, aged 15–92), 84 benign tumors 
(19 males and 65 females, aged 22–79), 128 other benign 
non-tumors diseases (75 males and 53 females, aged 14–92), 
and 83 other malignancies (45 males and 38 females, aged 
from 22–90) were enrolled, as shown in Table 1 and Suppl. 
Table S1.

Normality test results of serum levels of 6 lung cancer 
biomarkers (One-sample Kolmogorov-Smirnov test). 
Normality test results revealed that all data of serum 6 
biomarkers were skewed as shown in Suppl. Figure S1, thus, 
non-parametric statistical methods were used for all data 
analysis.

Serum ProGRP, NSE, SCC-Ag, CEA, CYFRA21-1, and 
HE4 levels in different patient groups and healthy controls 
(Kruskal-Wallis test). Serum ProGRP, NSE, SCC-Ag, CEA, 
CYFRA21-1, and HE4 levels were compared among different 
patient groups (SCLC, NSCLC, pulmonary infections, 
benign tumors, other benign non-tumor diseases (OBNTD), 
other malignancies), and healthy controls. Serum levels 
of biomarkers from all groups were sub-classified into 1-4 
subsets based on their concentrations from low to high. The 
difference among subsets (columns) was significant (p<0.05). 
Serum ProGRP and NSE levels in SCLC were significantly 
higher than in other patient groups and healthy controls 
(p<0.05, for all). SCC-Ag levels in NSCLC were significantly 
higher than in other patient groups and in healthy controls 
(p<0.05, for all). The highest CEA levels were seen in SCLC, 
followed by NSCLC patients (p<0.05, compared with other 
groups). CYFRA21-1 in SCLC and NSCLC were significantly 
higher than in other patient groups and in healthy controls 
(p<0.05, for all). Significantly increased HE4 was observed 
in SCLC, followed by NSCLC and pulmonary infections 
(p<0.05). Figure 1 and Suppl. Table S2 display the results 
described above. For a more detailed comparison among 
subsets of each biomarker, refer to Suppl. Table S2.

Serum ProGRP, NSE, SCC-Ag, CEA, CYFRA21-1, and 
HE4 levels in different histological types of lung cancer 
(Kruskal-Wallis test). As seen in Figure 2A, serum ProGRP 
and NSE concentrations in SCLC patients are signifi-
cantly higher than in NSCLC patients (p<0.0001 for both); 
SCC-Ag levels in NSCLC are significantly higher than in 
SCLC patients (p=0.002); further stratified analysis revealed 
that SCC-Ag was specific to SCC histologic type in NSCLC 
(Figure 2B). There are no significant differences in CEA 

Table 1. Patient demographics.

Groups n Age Median (range)
Lung cancers 1571 63 (21–90)
Gender

M 1056
F 515

Age
<50 155
≥50 1416

Histology
Adenocarcinoma 874
Squamous cell carcinoma 411
Small cell lung cancer 197
Other large cell lung cancer 89

Clinical stage
I+II 428
III+IV 1004

Healthy controls 2259 52 (13–87)
Gender

M 990
F 1269

Age
<50 932
≥50 1327

Pulmonary infections 388 61 (15–92)
Gender

M 228
F 160

Age
<50 91
≥50 297

Benign tumors 84 52 (22–79)
Gender

M 19
F 65

Age
<50 33
≥50 51

OBNTD 128 63 (14–92)
Gender

M 75
F 53

Age
<50 16
≥50 112

Other malignancies 83 59 (22–90)
Gender

M 45
F 38

Age
<50 25
≥50 58

Abbreviation: OBNTD-Other benign non-tumor diseases
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for all); there was no significant difference in ProGRP levels 
between males and females (p=0.3021). Serum levels of all 
biomarkers in ages ≥50 were significantly higher than in ages 
<50 (p<0.05 for all), Figure 5.

Diagnostic performance of 6 biomarkers on histolog-
ical types of lung cancer (Receiver Operating Character-
istic (ROC) curve). The diagnostic performance of a single 
biomarker or combinatory analysis on a specific histological 
type of lung cancer was analyzed. The results indicate that 
for the SCLC; NSE, HE4, and ProGRP present relatively high 
performance (AUC=0.8805, AUC=0.8545, and AUC=0.8340, 
respectively, Table 2), with NSE presenting the highest AUC, 
HE4 showing the highest sensitivity, and ProGRP having the 
highest specificity.

For SCC, CYFRA21-1, HE4, and SCC-Ag indicate 
relatively high performance (AUC=0.9103, AUC=0.8299, 
and AUC=0.7855, respectively, Table 2), with CYFRA21-1 
showing the highest AUC and sensitivity, SCC-Ag having the 
highest specificity.

For adenocarcinoma histological type, the performance 
of all biomarkers was generally low, HE4, CYFRA21-1, 
and CEA have relatively high performance (AUC=0.7326, 
AUC=0.7264, and AUC=0.7108, respectively, Table 2), with 
HE4 presenting the highest AUC, CYFRA21-1 showing the 
highest sensitivity, and CEA having the highest specificity.

For NSCLC as a general histological type, the perfor-
mance of all biomarkers was also low. CYFRA21-1, HE4, 
and CEA had relatively high performance (AUC=0.7867, 
AUC=0.7631, and AUC=0.7119, respectively, Table 2), with 

and CYFRA21-1 levels between NSCLC and SCLC patients 
(p=0.172 and 0.125, respectively), further stratified analysis 
revealed that the highest CEA levels are observed in SCLC, 
however, there is no significant difference among adenocar-
cinoma (AD), SCC, and SCLC patient groups (Figure 2B). 
CYFRA21-1 shows high specificity to SCC as shown in Figure 
2B. HE4 levels in SCLC patients are significantly higher than 
in NSCLC (p<0.0001) as seen in Figures 2A and 2B.

Association between serum biomarkers and clinical 
stages of SCLC and NSCLC (Mann Whitney U test). 
As shown in Figure 3, serum levels of all 6 biomarkers in 
advanced clinical stages (III+IV) in NSCLC are signifi-
cantly higher than in early stages (I+II) (p=0.0017, p<0.001, 
p<0.0001, p<0.0001, p<0.0001, and p<0.0001, respectively). 
Extensive stage disease (ED) has higher ProGRP, NSE, and 
HE4 than limited stage disease (LD) in SCLC (p=0.0007, 
p<0.0001, and p=0.0020, respectively). However, results 
do not show significant difference in SCC-Ag, CEA, and 
CYFRA21-1 between LD and ED in SCLC (p=0.9250, 
p=0.4240, and p=0.0610, respectively).

Association between serum biomarkers and tumor 
size. Serum biomarker levels were compared with tumor 
size obtained by CT scan. Results indicated that tumor size 
larger than a sum of 10 mm in diameters had higher serum 
biomarker levels (p<0.05, for all), Figure 4.

Comparison of serum levels of 6 biomarkers between 
gender and between age groups (Mann-Whitney U test). 
Serum levels of NSE, SCC-Ag, CEA, CYFRA21-1, and HE4 
in males were significantly higher than in females (p<0.0001 

Figure 1. Comparison of lung cancer biomarkers among patient groups and healthy controls. The highest levels of ProGRP and NSE are seen in SCLC 
patients; the highest level of SCC-Ag is observed in NSCLC patients; the highest levels of CEA and CYFRA21-1 are seen in SCLC and NSCLC patients; 
while high levels of HE4 are seen in SCLC, followed by NSCLC and pulmonary infection patients.
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CYFRA21-1 presenting the highest AUC, HE4 shows the 
highest sensitivity, and CEA having the highest specificity.

Different combinatory analyses of biomarkers 
were performed. For SCLC, combined analysis of 
ProGRP+NSE+HE4 gained the highest diagnostic perfor-
mance (AUC=0.9282) (Table 2 and Suppl. Figure S2).

For SCC, a combined analysis of CYFRA21-1+SCC-
Ag+CEA gained the highest diagnostic power (AUC=0.9240; 
Table 2 and Suppl. Figure S2).

For adenocarcinoma, a combinatory analysis of 
CYFRA21-1+CEA+HE4 enhanced the diagnostic perfor-
mance (AUC=0.7653; Table 2 and Suppl. Figure S2).

Figure 2. A, B) Serum ProGRP, NSE, SCC-Ag, CEA, CYFRA21-1, and HE4 levels in different histological types of lung cancer. ProGRP and NSE levels 
in SCLC are significantly higher than in NSCLC (p<0.0001); SCC-Ag level in NSCLC is significantly higher than in SCLC (p<0.0001) and is specific 
to SCC histological type; there is no significant difference in CEA and CYFRA21-1 levels between SCLC and NSCLC patients (p=0.172 and p=0.125, 
respectively), and CYFRA21-1 is also specific to SCC histological type; HE4 level in SCLC is significantly higher than in NSCLC (p<0.0001); HE4 is also 
specific to AD, secondary to SCLC, and then SCC.



734 Ming LI, et al.

Figure 3. Association between serum biomarkers and clinical stage of SCLC and NSCLC. ProGRP, NSE, and HE4 levels are significantly higher in the 
advanced stage of tumors than in those with the early stage of both SCLC and NSCLC (p<0.05, for all); SCC-Ag, CEA, and CYFRA21-1 levels in the 
advanced stage of NSCLC are significantly higher than in the early stage (p<0.05, for all). However, there is no significant difference in these three 
markers’ levels between clinical stages of SCLC (p>0.05).

Figure 4. Association between serum biomarkers and tumor size. The levels of all 6 biomarkers show significantly higher in tumors >10 mm than in 
tumors <10 mm in diameters (p<0.05, for all).
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For NSCLC as a general histological type, the highest 
diagnostic performance was obtained by a 3-marker combi-
nation of CYFRA21-1+CEA+HE4, the AUC, sensitivity, and 
specificity are 0.8110, 62.77, and 86.80, respectively (Table 2 
and Suppl. Figure S2).

More diagnostic performance-related parameters can be 
seen in Table 2.

Discussion

The results from this study provide further insights into 
the value of 6 biomarkers in lung cancer diagnosis including 
HE4.

The role of serum ProGRP, NSE, SCC-Ag, CEA, 
CYFRA21-1, and HE4 levels in characterizing lung cancer. 
Our results showed that all 6 biomarkers had the capability 

of characterizing lung cancer (SCLC or NSCLC, or both). 
However, HE4 was also elevated in pulmonary infections. 
It was also slightly increased in other diseases (Figure 1 and 
Suppl. Table S2). A previous study revealed that HE4 was 
elevated in pulmonary tuberculosis, suggesting a potential 
clinical significance [20]. Other reports mentioned that HE4 
was increased in cystic pulmonary fibrosis [21, 22]. From 
this context, caution should be used when interpreting an 
elevated serum level of HE4 in clinics.

Comparison of lung cancer biomarkers among histo-
logical types. As seen in Figure 1 and Figures 2a and 2b, 
ProGRP and NSE levels in SCLC are significantly higher 
than in other histological types. This is consistent with other 
reports previously [23, 24]. Because it is highly specific to 
SCLC histological type, NSE could be used as an indicator 
of histological transformation during lung cancer tyrosine 
kinase inhibitor treatment [25].

Table 2. Diagnostic performance of 6 biomarkers on histological types of lung cancers.

AUC Youden’s 
Index Cut-off Sensitivity Specificity PPV NPV

SCLC ProGRP 0.8340 0.6783 78.71 70.05 97.78 68.66 97.89 
NSE 0.8805 0.6531 19.40 76.14 89.16 31.45 98.13 
SCC-Ag 0.5463 0.1208 0.86 54.31 57.76 8.16 94.65 
CEA 0.7625 0.3889 1.63 82.74 56.74 11.68 97.87 
CYFRA21-1 0.8065 0.4724 2.37 76.14 71.10 15.42 97.67 
HE4 0.8545 0.6229 62.55 83.76 78.53 21.54 98.56 
ProGRP+NSE 0.9272 0.8027 0.07 82.74 97.50 69.96 98.77 
ProGRP+NSE+HE4 0.9282 0.8036 0.05 83.76 96.57 63.22 98.83 

SCC ProGRP 0.5893 0.2353 23.31 34.79 88.73 9.78 68.93 
NSE 0.5881 0.1773 15.63 42.34 75.39 20.14 89.88 
SCC-Ag 0.7855 0.5015 1.48 59.12 91.02 48.80 93.80 
CEA 0.7164 0.2999 1.96 63.50 66.49 21.64 92.50 
CYFRA21-1 0.9103 0.7015 3.25 81.02 89.13 51.88 96.92 
HE4 0.8299 0.5621 63.68 76.64 79.57 35.51 95.86 
CYFRA21-1+SCC-Ag 0.9238 0.7300 0.10 81.51 91.45 58.36 97.11 
CYFRA21-1+SCC-Ag+CEA 0.9240 0.7287 0.10 81.02 91.81 59.25 97.05 

AD ProGRP 0.5588 0.1174 31.12 41.53 70.21 20.69 69.71 
NSE 0.555 0.1163 16.42 32.27 79.36 32.79 78.93 
SCC-Ag 0.5296 0.0890 1.33 21.74 87.16 33.99 78.02 
CEA 0.7108 0.3399 3.48 42.79 91.20 59.84 83.58 
CYFRA21-1 0.7264 0.3203 2.98 66.34 85.69 49.57 83.61 
HE4 0.7326 0.3651 56.12 64.99 71.52 41.61 86.72 
CYFRA21-1+ CEA 0.7641 0.4087 0.23 49.89 90.38 62.11 85.08 
CYFRA21-1+CEA+HE4 0.7653 0.4094 0.02 49.89 90.45 62.29 85.09 

NSCLC ProGRP 0.5673 0.1447 23.9 26.60 87.88 28.24 49.93 
NSE 0.567 0.1378 15.88 36.78 77.00 42.89 72.14 
SCC-Ag 0.6122 0.2158 1.47 30.70 90.88 60.53 73.59 
CEA 0.7119 0.3163 3.48 40.43 91.20 67.98 76.47 
CYFRA21-1 0.7867 0.4419 2.77 62.46 81.72 61.43 82.19
HE4 0.7631 0.4263 60.37 66.03 76.60 57.02 82.73 
CYFRA21-1+CEA 0.8109 0.4999 0.30 60.26 87.72 73.36 79.74 
CYFRA21-1+CEA+HE4 0.8110 0.4960 0.27 62.77 86.80 69.12 83.20

Abbreviations: AD-adenocarcinoma; AUC-Area Under Curve; PPV-positive predictive value; NPV-negative predictive value
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It is known that SCC-Ag increased in SCC of different 
origins. However, using SCC-Ag as a biomarker for NSCLC, 
specifically for SCC, is still debatable because of its low sensi-
tivity. Our results showed that the levels of SCC-Ag were 
significantly elevated in NSCLC including SCC histological 
type (Figures 1, 2A, 2B). These results are similar to other 
reports [26–28].

CEA is considered a biomarker for SCLC and adenocar-
cinoma (AD) of the lung [29], and serum CEA is elevated 
in many types of cancers mostly in AD [30, 31]. CEA is also 
increased in other types of non-cancerous diseases or other 
conditions [11, 32]. Our results showed that high levels of 
CEA were observed in both NSCLC (which includes AD and 
SCC) and SCLC (Figures 1, 2A, 2B). Elevation of serum CEA 
was also found in patients with SCC of the anus, and it was 
associated with recurrence in some patients [33]. Sadeghi et 
al. found that CEA was a useful biomarker in characterizing 
SCC from basal cell carcinoma [34]. However, one study 
mentioned that although CEA was increased in anal cancer, 
but it did not have value in survival prediction, thus it is not 
a clinical biomarker for SCC [35]. Therefore, CEA is more 
useful in characterizing AD and SCLC.

Our results show that CYFRA21-1 is significantly 
increased in NSCLC, basically in SCC (Figures 1, 2A, 2B), 
which is consistent with previous reports [36–40].

High levels of HE4 were seen in SCLC followed by NSCLC 
(including AD and SCC), then pulmonary infection. Wang 

et al. found that high serum levels of HE4 were consistent 
with the high histological expression level of HE4 in SCLC 
histological type of lung cancer [41] and was also observed 
in serum [42]. Iwahori et al. reported that a high level of HE4 
was found in both NSCLC and SCLC lung cancer patients 
[43]. One study reported that HE4 did not show a signifi-
cant difference between different histological subgroups of 
lung cancer. However, a significant correlation was found 
between HE4 values and the tumor size [18]. Contradicto-
rily, another study showed that adenocarcinoma had a higher 
HE4 expression level, while SCLC had the lowest expression 
of the marker [44]. The contradictory results could be attrib-
uted to study design, such as patient enrollment and impact 
of treatment, as well as the quality of testing. More studies are 
needed to verify the histological expression pattern of this 
protein in lung cancer.

Association between lung cancer biomarkers and 
clinical stages and tumor size. We found that the levels of all 
biomarkers were significantly higher in the advanced stage 
than in the early stage of NSCLC. ProGRP, NSE, and HE4 in 
extensive stage disease (ED) were significantly higher than in 
limited stage disease (LD) in SCLE. No significant difference 
was seen in SCC-Ag, CEA, and CYFRA21-1 levels between 
LD and ED stages in SCLC patients (Figure 3). Previous 
reports also mentioned that elevated lung cancer biomarkers 
were associated with nodal involvement and distant metas-
tasis [45–47].

Figure 5. Comparison of lung cancer biomarkers among genders and age groups. NSE, SCC-Ag, CEA, CYFRA21-1, and HE4 levels in male patients are 
significantly higher than in females (p<0.0001 for all); there is no significant difference in ProGRP levels between males and females (p=0.3021). Serum 
levels of all biomarkers in patients aged >50 are significantly higher than in ages <50 (p<0.05 for all).
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In addition, higher serum biomarkers levels were seen in 
larger tumor sizes determined by CT scans (Figure 4).

Serum levels of 6 biomarkers among gender and age 
groups. Apart from ProGRP, serum levels of NSE, SCC-Ag, 
CEA, CYFRA21-1, and HE4 were higher in male patients 
than in females. All biomarkers observed in this study show 
higher levels in patients aged 50 or older than under 50. 
This phenomenon was similar to what we had observed in 
our previous study in apparently healthy individuals [48]. 
These results suggest that gender and age should be consid-
ered when making a clinical evaluation; thus, a baseline of 
an individual biomarker for gender and age should be estab-
lished in clinical practice. In addition, the patient’s baseline of 
biomarkers and timely monitoring, when necessary, should 
be considered in clinical practice.

Diagnostic performance of ProGRP, NSE, SCC-Ag, 
CEA, CYFRA21-1, and HE4 on histological types of lung 
cancers. Generally, CEA is considered a biomarker for lung 
adenocarcinoma, and SCC-Ag is considered a biomarker for 
SCC. CYFRA21-1 is considered a biomarker for NSCLC, 
while ProGRP and NSE are considered biomarkers for SCLC. 
Nevertheless, the study revealed that a high level of NSE 
was also found in NSCLC patients, reflecting the response 
to epidermal growth factor receptor tyrosine kinase inhib-
itor treatment; and elevation of serum NSE was associated 
with shorter survival of the NSCLC patients [49–51]. Our 
results indicated that NSE levels were moderately increased 
in NSCLC, secondary to SCLC; and the diagnostic perfor-
mance of NSE for SCLC was better than for NSCLC, it was 
consistent with serum levels (Table 2, Suppl. Table S2).

One study found that CYFRA21‑1 had a greater sensi-
tivity for recurrent stages of SCLC [52]. Our results revealed 
that SCLC patient group had the highest CYFRA21-1 levels, 
however, the diagnostic performance of CYFRA21-1 alone 
was not as good as other biomarkers (Suppl. Table S2 and 
Table 2).

Our results indicated that SCLC had the highest HE4 
level, followed by NSCLC and pulmonary infections (Suppl. 
Table S2). When looking at the diagnostic performance of 6 
biomarkers individually on histological types, NSE, HE4, and 
ProGRP showed relatively high AUC, sensitivity, and speci-
ficity for SCLC. These results are similar to other reports on 
ProGRP [53–55].

It is known that combinatory analysis of tumor markers 
can enhance diagnostic power. The key is to find out the 
best combination for clinical use. Our results showed that 
the three-biomarkers combination as ProGRP+NSE+HE4 
gained the highest diagnostic performance for SCLC (Table 2, 
Suppl. Figure S2).

CYFRA21-1, HE4, and SCC-Ag had a relatively high 
diagnostic performance on SCC; the three-biomarkers 
combination as CYFRA21-1+SCC-Ag+CEA showed the 
highest diagnostic power (Table 2, Suppl. Figure S2).

HE4, CYFRA21-1, and CEA had a relatively high perfor-
mance on adenocarcinoma; the three-markers combination 

as CYFRA21-1+CEA+HE4 indicated the highest diagnostic 
power as seen in Table 2 and Suppl. Figure S2.

Taking NSCLC as a collective histological group, the three-
markers combination CYFRA21-1+CEA+HE4 showed the 
highest diagnostic performance (Table 2, Suppl. Figure S2).

To our surprise, the diagnostic performance of all 6 
biomarkers for adenocarcinoma was generally low. The best 
single biomarker for adenocarcinoma in terms of AUC was 
HE4 (AUC 0.7326), and the best performance of a three-
markers combination CYFRA21-1+CEA+HE4 displayed 
only 0.7651 in AUC (Table 2, Suppl. Figure S2). Considering 
that adenocarcinoma of the lung accounts for about 30–40% 
of all lung cancers, new biomarkers with more sensitive to 
this form of lung cancer are needed.

In conclusion, serum ProGRP, NSE, SCC-Ag, CEA, 
CYFRA21-1, and HE4 were able to characterize lung cancer 
from other diseases and healthy individuals with NSE and 
ProGRP were two ideal biomarkers for characterizing SCLC, 
while SCC-Ag was a fair marker for NSCLC, specifically for 
SCC diagnosis. Elevation of serum CEA or CYFRA21-1 could 
be suggestive of SCLC and NSCLC histotype. HE4 showed 
high specificity to SCLC, and it increased the diagnostic 
sensitivity when combined with other biomarkers. Thus, 
HE4 could be a potential serum biomarker for lung cancer 
diagnosis. New biomarkers with more sensitive to adenocar-
cinoma of the lung are needed.
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Supplementary Table S1. Detailed patient demographics of non-lung cancers.
Groups Diagnosis n
Benign tumors 84

Colon Polyps 15
Ovarian cysts 7
Uterine leiomyoma 44
Benign thyroid nodules 1
Mediastinum cyst 1
Hamartoma 1
Pulmonary angioma 1

Pulmonary infection 388
COPD 31
Pneumonia 212
Pulmonary cavity 1
Bronchiectasis 18
Bronchial asthma 10
Pulmonary fibrosis 10
Pulmonary tuberculosis 50
Pulmonary benign nodule 49
Inflammatory pseudotumor of the lung 8
Tuberculous pleuritis 6
Pleuritis (non-TB) 2

OBNTD 128
Hypertension 8
Coronary heart disease 9
Cerebral hemorrhage 3
Posterior circulation ischemia 28
Cerebral infarction 31
Parkinson’s disease 5
Neuralgia 1
Diabetes 4
Hyperthyroidism 1
Thyreoitis 1
Osteoporosis 2
Connective tissue disease 3
Sjogren’s syndrome 1

Groups Diagnosis n
OBNTD cont. Rheumatoid arthritis 1

Non-infective fever 2
Esophageal stenosis 1
Enteritis 7
Cholecystitis 1
Varix of lower limb 3
Cerebellar ataxia 1
Brucellosis 1
Superior mesenteric artery dissection 1
Grand mal epilepsy 1
Septic shock 1
Fever of unknown origin 1
Amyasthenia 1
Feeble 1
Infective fever 2
Frozen shoulder 1
Sleep-disorder 1
Lumbago 1
Nocturnal hypoxemia 1
Pulmonary embolism 2

Other malignancies 83
Breast cancer 8
Pancreatic cancer 8
Thyroid carcinoma 6
Malignant neoplasm of endocrine gland 8
Hematological malignances 8
Thymic tumor 3
Epithelioid sarcoma 3
Esophageal cancer 3
Gastric cancer 19
Colorectal cancer 9
Hepatoma 1
Cervical cancer 3
Thyroid carcinoma 4

Abbreviations: COPD-Chronic obstructive pulmonary disease; TB-tuberculosis; OBNTD-other benign non-tumor diseases
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Supplementary Table S2. Statistical results of Figure 1 (sub-classification based on serum biomarkers concentrations and comparisons of the sub-sets).
Homogeneous subsets based on patient groups (ProGRP)

Subset
1 2 3

Samplea NSCLC 1932.536
Healthy controls 2239.118
OBNTD 2269.441
Benign tumors 2324.857
Pulmonary infections 2365.760
Other malignancies 2400.584
SCLC 3673.259

Test Statistic b 5.063 b
Sig. (2-sided test) 0.281
Adjusted Sig. (2-sided test) 0.370
Homogeneous subsets based on patient groups (NSE)

Subset
1 2 3 4

Samplea OBNTD 1413.695
Other malignancies 1890.458 1890.458
Healthy controls 2086.888
Benign tumors 2105.321
Pulmonary infections 2172.983
NSCLC 2362.771
SCLC 3789.827

Test Statistic 2.801 4.317 b b
Sig. (2-sided test) 0.094 0.229
Adjusted Sig. (2-sided test) 0.293 0.366
Homogeneous Subsets based on patient groups (SCC-Ag)

Subset
1 2 3

Samplea Benign tumors 1889.202
Other malignancies 2022.307
Healthy controls 2031.571
OBNTD 2169.770 2169.770
SCLC 2273.520
Pulmonary infections 2324.550
NSCLC 2572.006

Test Statistic 3.655 1.942 b
Sig. (2-sided test) 0.301 0.379
Adjusted Sig. (2-sided test) 0.466 0.671
Homogeneous Subsets based on patient groups (CEA)

Subset
1 2 3

Samplea Healthy controls 1820.414
Benign tumors 1961.500
Other malignancies 1962.349
OBNTD 1963.723
Pulmonary infections 2305.249
NSCLC 2844.898
SCLC 3039.289

Test Statistic 3.386 b 1.869
Sig. (2-sided test) 0.336 0.172
Adjusted Sig. (2-sided test) 0.511 0.483
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Homogeneous subsets based on patient groups (CYFRA21-1)
Subset

1 2 3 4
Samplea Healthy controls 1656.685

Benign tumors 1868.911 1868.911
Other malignancies 2260.500 2260.500
Pulmonary infections 2284.836
OBNTD 2358.930
NSCLC 3065.557
SCLC 3075.228

Test Statistic 1.925 3.238 0.212 2.352
Sig. (2-sided test) 0.165 0.072 0.899 0.125
Adjusted Sig. (2-sided test) 0.469 0.230 0.995 0.374
Homogeneous subsets based on patient groups (HE4)

Subset
1 2 3 4

Samplea Healthy controls 1550.257
Benign tumors 2169.958
Other malignancies 2353.311
OBNTD 2560.102
Pulmonary infections 2941.168
NSCLC 2967.109
SCLC 3410.228

Test Statistic b 3.752 0.002 b
Sig. (2-sided test) 0.153 0.966
Adjusted Sig. (2-sided test) 0.322 1.000

Homogeneous subsets are based on asymptotic significances. The significance level is 0.05.
aEach cell shows the sample average rank of patient groups.
bUnable to compute because the subset contains only one sample.

Supplementary Table S2. Continued ...

 

 

 

 

 

 

 

 

 

 

 
Supplementary Figure S1. Distribution of serum levels of 6 lung cancer biomarkers.
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Supplementary Figure S2. Diagnostic performance of lung cancer biomarkers: single marker vs. combinatory analysis (ROC curve).


